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300 MEGAWATTS AT BRADWELL, ESSEX 


A Greater Britain through 
Nuclear Power 


A greater Britain because her industry can draw upon 
hundreds of thousands of kilowatts of productive 
electrical power without burning a pound of coal or 
a pint of oil as fuel. A greater Britain because 
Bradwell, despite the exciting technical advance 

it represents, is a commercial atomic power 
station and underlines the remarkable 
British lead in the practical application of 
nuclear energy. The Nuclear Power 
Plant Company is proud to be 
entrusted with this great contract by 
the Central Electricity Generating 
Board. 























N.P.P.C. combines ») er: e 
the resources of eight ~ - ©) tat \ 
specialist companies » 
whose individual skills are 7a 

planned and co-ordinated 

into a unified team capable of 
undertaking the construction of 
complete nuclear power stations 
throughout the world. 
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THE NUCLEAR POWER PLANT COMPANY LIMITED 


Cc. A. PARSONS & COMPANY LIMITED A. REYROLLE & COMPANY LIMITED 


HEAD WRIGHTSON & COMPANY LIMITED 










SIR ROBERT MCALPINE & SONS LIMITED 
WHESSOE LIMITED + STRACHAN & HENSHAW LIMITED 


ALEX FINDLAY & COMPANY LIMITED CLARKE CHAPMAN & COMPANY LIMITED 


BOOTHS HALL* KNUTSFORD: CHESHIRE 
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METERS AND TIME SWITCHES 


SINGLE PHASE AND 


POLYPHASE WATTHOUR METERS 


SYNCHRONOUS TIME 


SWITCHES 


SYNCHRONOUS MOTORS AND MOTOR UNITS 








ELECTRICAL MEASURING INSTRUMENTS | 


PANEL & SWITCHBOARD INSTRUMENTS 
D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple, A.C./D.C. Moving Iron 
PORTABLE INSTRUMENTS 
D.C. Moving Coil, A.C. Rectifier, H.F. Thermocouple, 
A.C./D.C. Moving Iron, A.C./D.C. Dynamometer 
LABORATORY STANDARD INSTRUMENTS 
D.C. Moving Coil, A.C./D.C. Dynamometer 


CURRENT TRANSFORMERS - 


‘PHOTRONIC’ PHOTO ELECTRIC CELLS - 


FREQUENCY METERS 
ALL-PURPOSE TEST SETS - AIRCRAFT INSTRUMENTS 
RATIOMETERS - TACHOMETERS 
ELECTRICAL THERMOMETERS 
WESTON STANDARD CELLS 


PHOTOMETERS 


SANGAMO WESTON LIMITED 


ENFIELD - MIDDLESEX 


Telephone : ENField 3434 (6 lines) and 1242 (6 lines). 


Grams : Sanwest, Enfield 


Scottish Factory : Port Glasgow, Renfrewshire, Port Glasgow 41151 


Branches: London, CHAncery 4971 - Glasgow, Central 6208 
Newcastle-on-Tyne, Newcastle 26867 - Leeds, Leeds 30867 


Manchester, Central 7904 
Liverpool, Central 0230 


Wolverhampton, Wolverhampton 21912 + Nottingham. Nottingham 42403 - Bristol 
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SECONDARY SURFACE 
HEAT EXCHANGERS 


CONDENSERS 
AIR AND GAS COOLERS 
CONDENSER TUBES 
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SERCK RADIATORS LIMITED 
SERCK TUBES LIMITED 
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Change chart speed 
the easy way 
with this 


potentiometric recorder 
by PHILIPS 
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Turn the knob to change the chart 
speed. Four position gearbox—a 
built-in feature of all Philips 
Potent.ometric Recorders. 


De-clutch, change gear and resume. That’s all you do to alter 
the chart speed in Philips Potentiometric Recorders and 
Recorder-Controllers. And it takes about the same time as it 
requires to read this sentence. The paper speed is indicated 
in mm/hour for each position of the precision-made 
four-speed gearbox, and from a range of standard gearboxes 
you can also specify the ratios best suited to your 

purpose. This is only one of the features which have made 
Potentiometric Recorders by Philips so increasingly 
appreciated. But above all they are dependable— instruments 
designed and constructed from the start just to go on 
working. If you are looking for this kind of reliability plus 
laboratory accuracy we will gladly tell you more. 











i Write now for fully descriptive literature. 
& Sole Distributors in U.K. RESEARCH & GONTROL INSTRUMENTS LTD., 
al Instrument House, 207 King’s Cross Road, London, W.C.1 
Trade Mark Telephone : TERminus 8444 
Glactrical Led. Telegrams : RACIL KINCROSS 


(RCLO3 78) 


1958 
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NUCLEAR APPLICATION 
INSTALLATION and CONTROL 





Dowty Burst Fuel Element Detection Equipment 






The wide resources of the Dowty Group in 
many specialised fields combine in a new 
service—application engineering for the 
nuclear field. 

This unrivalled combination of Hydraulic, 
Mechanical, Electrical and Electronic 
engineering is strengthened by current nuclear 
engineering projects. 


VAY, VV 4 





Gas- Bearing 


Compressor 
“WHORES 
LTD. 
BROCK HAMPTON PAR K ‘ ANDOVERS FORD . GLOS 
Member of the DOWTY Group Telephone ; Andoversford 391/2/3 
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first. .........CALDER HALL 


mow.....CHAPELCROSS 


The D.C.L. system of liquid carbon dioxide bulk storage 
and vaporisation, which has proved so successful at 
Calder Hall, has been adopted for the new installation at 
Chapelcross. Operated in conjunction with the D.C.L. 
fleet of road tankers, this system has proved itselfin 
industrial use over the past ten years to be by far the most 
efficient and economical method of carbon dioxide 


supply, adaptable for all types and sizes of usage. 


When the atomic power stations at Berkeley, 
Hunterston and Hinkley Point are completed, they too 


will include D.C.L. carbon dioxide installations. 


CARBON DIOXIDE 


WU MM 


BULK STORAGE EQUIPMENT 


THE DISTILLERS COMPANY LIMITED 


CHEMICAL DIVISION, CARBON DIOXIDE DEPARTMENT 


Devonshire House, Mayfair Piace, Piccadilly, London W.1 
Telephone: MAYfair 8667 ~=—- Telegrams: Cardiox London Telex 
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GAS ANALYSIS 
GEIGER COUNTER 


The GAI0M is a geiger counter tube 
for gas analysis incorporating 

a stainless steel cathode. Specifically 
designed for the counting of Tritium, 
the counter has found particular 
application in investigations 

using Tritio-butane and Tritiated 
water. The tube can also be success- 
fully used for the measurement of 
4C and 5S. The GA10M is one 

of the wide range of gas analysis 
counters made by 20th Century. 
















PHOTOMULTIPLIER TUBES 


The VMP.13/44 is a high quality 
photomultiplier employing the 
venetian blind type of dynode assembly. 
The special low thermal noise cathode 
coupled with a 13 stage assembly 

gives overall sensitivities of 2000 A/L. 
These tubes are specially suitable for 
the counting of Tritium and Carbon-14, 
and have found particular application 
in liquid scintillation techniques. 


WINDOWLESS FLOW COUNTERS 


The windowless flow counter has been designed to give high 
sensitivity to soft 8 radiation from solid samples 

and it is particularly suitable for the assay of 3H, 4C and 38. 
The type WF2 consists of a windowless counter enclosed in 
a lead castle mounted above a rotating plate carrying 
sample planchets. The three positions of the plate 
correspond to loading, pre-flushing and counting. 

The counter may be operated with commercial purity 
argon, together with ethyl acetate or 

other suitable gas mixtures for flow counting. 

















C 0 ()) l [| R} Y PHOTOMULTIPLIERS, COUNTER TUBES AND 


1 PRECISION CATHODE RAY TUBES 


eELECrROMICS 


LIMITED 







Centronics Works * King Henry’s Drive 





New Addington - Surrey - Lodge Hill 2121 
CHWR/6323 
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uranium oxides and compounds 


meet every nuclear fuel specification 


One of the many ways in which NUMEC serves 
the nuclear energy industry is in the production of 
high purity oxides and compounds, such as UQn, 
UO;, U30s, ammonium diuranate, uranyl sulfate, and 
uranyl fluoride, in any enrichment. Because of our 
advanced facilities and thoroughly experienced per- 
sonnel, we can produce these materials promptly, to 
meet any current specifications. 

The oxides can be supplied as high-fired or sinter- 
able powders or as finished high-density pellets, plates, 
rings and cylinders, held to extremely close dimen- 
sional tolerances. 

NUMEC also produces uranium and thorium 
alloys; metallic and ceramic dispersions; control and 
moderating materials; special equipment such as 
cathodic vacuum etchers and vacuum furnaces; and 
many other items. 

Services available to the industry include unirradi- 
ated scrap recovery; wet analytical chemistry; emis- 
sion and X-ray fluorescence and diffraction spectro- 
scopy; uranium isotopic assays; metallography; 
tensile, fatigue, impact, hardness and burst testing; 
helium mass spectrometer leak detection; high-tem- 
perature, high-pressure corrosion testing; arc and 
induction melting; brazing and inert gas welding. 


In short, NUMEC has fully integrated chemical, 
ceramic, metallurgical and scrap recovery production 
and testing facilities—manned by personnel distin- 
guished by their important contributions to reactor 
design and fabrication as well as to materials develop- 
ment and production. 

We invite your inquiries. 


The UO, pellets shown at 
the right illustrate some of 
the difficult fabrication prob- 
lems.NUMEC has solved. As 
sintered, density is 94%; 
diameter .356" + .002”; 
height .356" + .010". Each 
pellet contains two thermo- 
couple holes .032” in di- 
ameter. The edge of the 
outer hole is .030” from the 
periphery of the pellet. 





Nuclear Materials and Equipment Corporation 


Apollo, Pennsylvania, U.S.A. 
Telephone: GRover 2-8411 Cable “‘NUMEC” 
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You can have COOL, CLEAN AIR 


EVEN IN THE MOST DISTRESSING CLIMATE 


B. O. MORRIS (HOLDINGS) LTD., ANNOUNCE that 
they are now producing Air Conditioning Equipment 
using the trade name of ‘AIR KING’. 
This is the most efficient, easiest to instal and most attractive 
air conditioning unit for Offices, Hotels, Hospitals, 
Schools, Laboratories — in fact everywhere that cool, clean air 


is essential. Beautifully styled and superbly made. 


Technical Agents are required in most territories throughout the World. 





AIR 
CONDITIONING 
UNIT 


B. O. MORRIS LTD., MORRISFLEX WORKS, BRITON ROAD, COVENTRY, ENGLAND. Tel: 53333 (PBX) 
Product of the Merrcsfa% Group of Companies 
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The new Bailey all-transistorised 


D.C. AMPLIFIER/TRANSMITTER TYPE WTO 





Thermocouples Alarm Systems 
Pen Recurders 

General industrial 

cuntrul schemes 


lon Chambers 


Strain Gauges 





Electronic process 
control schemes 


OUTPUT *10mA D.C. 


Analogue Computers 
and simulators 


Ta¢hogenerators 





INPUT “10 mV to* 40 mV D.C. 








Barrier layer 
Phatucelis 









Resistance 
thermometer Bridges 










General 
Laburatory USdge 


le 


. Extremely high stability. 

. Very reliable. 

. Unaffected by dirt and dust laden atmospheres. 

. Linear input/output characteristics. 

. All controls on front panel— protected where necessary. 


. No moving parts—moving coil and contact systems 
eliminated. 


7. Latest transistor and printed circuit techniques—no 
fragile parts. 


; 8. Virtually unaffected by wide changes of source and load 
Send for full illustrated specification resistance. 


BAILEY METERS & CONTROLS LTD. 


PURLEY WAY - CROYDON - SURREY - TELEPHONE: CROYDON 4/9! 
INSTRUMENTS AND CONTROL SYSTEMS FOR THE POWER AND PROCESS INDUSTRIES 


Hurnkt wn = 
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. 
+++ jn ALUMINIUM 
ALUMINIUM ALLOYS 
FULL RANGE OF HEAT 
RESISTING STEELS. = 
INCLUDING THE NIMONIC.. 
RANGE. STAINLESS 
STEEL. NICKEL. 
TITANIUM, LOW 
CARBON STEELS AND 


ILLUSTRATION SHOWS A FABRICATION IN 12. ¥6 AND I” Al l 0 Y S I E EF LS. 


ALUMINIUM PLATE SPEC N6., WELDED BY THE ARGON 
ARC AND ARGONAUT PROCESS 











BURNLEY AIRCRAFT PRODUCTS LTD | 
INDUSTRIAL WELDED FABRICATIONS DIVISION 














Fulledge Works — Burnley —_ Lancashire — __ England 

Telephone : 3121/2 and 3203 Burnley (3 Lines) Telegrams : “Aircraft” Burnley 

INDUSTRIAL FABRICATIONS DIVISION: Grosvenor St. Stoneyholme, Burnley. Telephone: 3184 

i AIRCRAFT REPAIR DIVISION: Britannia Works, Queensgate, Burnley. Telephone: 4102 
ce - :; : ME: , 
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Photograph by 
courtesy of 


Whessoe Limited 








Welding 4-inch steel plate 


The ability to weld 4-inch steel plate on site has been one of the major factors 

influencing the design of the Bradwell station. It has enabled the designers to 

) increase the size of the core and to raise the gas working pressure to 130 p.s.i.g. 
Bradwell will be three times as powerful as Calder Hall. 

The pressure vessel is 66 ft. 9 in. in diameter with a plate thickness of 3 inches 
increasing to 4 inches for reinforcement around openings. The top of the vessel 
is 4 inches thick overall. 

Hot-pressed plate sections are being made at the Darlington works of Whessoe 
Limited and the vessel is being fabricated on site. Special alloy steels, with good 
creep resistance at high temperatures and with satisfactory notch ductility at low 
temperatures, are employed. 

Welders were specially chosen for this project and each welder was given very 
stiff tests on similar thick steels before being allowed to work on the vessel. And 
every inch of every weld is being radiographed with ‘Kodak’ Industrial X-ray Film. 


Kodak industrial X-ray Films 
... first choice of inspection engineers 





One of the many little services given freely by Kodak is the calibration of your 
X-ray set and the provision of a chart showing the correct exposure for any type of 
\, work done on that particular set. By referring to this chart you can reduce trial-and- 
error exposures on new jobs and produce a satisfactory radiograph first time. As no 
two sets behave exactly alike (being affected to some degree by outside conditions, such 
as the local power supply) this individual treatment is rather essential. 

If you would like our specialist to call and make up a chart to suit your X-ray set, 
please write in the first place to Kodak Limited. 








Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 
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SPECIAL STEELS 
FOR NUCLEAR POWER ... 


One of the 
most essential characteristics implied by the expression ‘high quality’ is 
reliability, and the construction of nuclear power plants ranks high amongst 
those advanced engineering projects, where any doubt concerning the materials 
of construction cannot be tolerated 
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Hadfields have contributed in the provision of high quality j seal 


alloy steels to meet the demand of reactor designers and the 
“Era” series of Boron Steels was developed to satisfy the special 
needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating “Era Boron 
Steels” and ‘Era H.L.C.” special Low Cobalt Stainless Steel. ‘Era 
H.L.C.”’ Steel has also been used in the production of a number 
of other reactor components and is of the 18/8 Stabilised type. 






Pressure vessel and heat exchanger forged flanges are made in 
special ‘‘Era C.R.” and “Hecla” Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 














eee ee ee 6 8 





HADFIELDS LTD., EAST HECLA WORKS, SHEFFIELD, ENGLAND. 
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Pye research into remote handling 7) 
techniques has resulted in a com- . 
plete range of equipment for 
nuclear laboratories, including re- 
mote television viewing facilities 
and master-slave manipulators. 
The illustration shows the new 30° 
lateral displacement manipulator 
—another example of the way in 
which Pye are helping to increase 
efficiency in handling radioactive 
materials. For further information, 
write to Pye Ltd., Cambridge, 
England. 








PYE INSTRUMENT GROUP 


Labgear Ltd. —‘unitised’ nucleonic equipment, supplemented by instruments 
covering industrial, medical and research applications of radio-isotopes, including 
high level GAMMA MONITOR with alarm, 41 COUNTER, CLINICAL RE- 
CORDING RATEMETER, PRINTING COUNTER, miniature DIRECTIONAL 
SCINTILLATION HEAD and NUCLEAR COUNTER. 


Unicam Ltd.— FLAME SPECTROPHOTOMETER, HIGH TEMPERA- 
TURE POWDER CAMERA. 


W. G. Pye Ltd.— MEASURING MICROSCOPE and CATHETOMETER, 
40 K.V. ELECTROSTATIC VOLTMETER, PORTABLE WHEATSTONE 
BRIDGE and HIGH RESISTANCE TEST SET. 
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Concerned about cases, racks, handles ? 


en read this 


and stop worrying ! 








ee —--- 4 











To: Alfred Imhof Ltd Ashley Works 
Cowley Mill Road Uxbridge Middx 


We want to save time, trouble and money 
with Imhofs comprehensive case service : 


_ : | 
This lavish 52 page, full-colour catalogue contains the a ee 


answers to almost every metal case problem. It tells 
you all about the famous Imhof range of cases, 
racks, consoles, handles and accessories—any of which 


BLOCK CAPITALS PLEASE 














can be supplied in quantity at 7 days’ notice. —— 
Also it gives full details of IMLOK, the unique POSITION............... 
low-cost construction system, and SAVILE cases 
‘tailor-made’ from Imlok to individual specification. ; “°° *™* 
Make sure of your free copy—POST COUPON Now ! ADDRESS....................... 
NiO 
LGB/C4 


coco 
° 
Oo 
= 
z 
= 
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Resistant to mechanical shock, 


SHELL CHEMICAL COMPANY LIMITED. In association with Petrochemicals Limited and Styrene Products Limited. 
Divisional Offices: LONDON: Norman House, Strand, W.C.2. Tel: Temple Bar 4455. BIRMINGHAM: 14-20, Corporation Street, 2. 
Tel: Midland 6954-8. MANCHESTER : 144-6, Deansgate. Tel: Deansgate 6451. GLascow: 124, St. Vincent St., C.2. 

Tel: Central 9561. speLFAsT: 35-37, Boyne Square. Tel: Belfast 26094. DUBLIN: 53, Middle Abbey Street. Tel: Dublin 45775. 
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vibration, moisture, corrosion 


The potting of capacitors, chokes, delay lines and similar components, 

as a protection against mechanical and vibrational shock, moisture and corrosion, 
demands a potting material which possesses an exceptional combination of properties. 
Epikote resins provide this combination outstandingly : 

a high degree of adhesion to metals and other materials, with 

minimal shrinkage on cure; toughness; resistance to thermal cycling; 

excellent electrical properties over a wide temperature range (i.e. high dielectric 
strength, low power factor and high volume resistivity and arc resistance). It is not 
surprising that Epikote resins have won wide acceptance in the electrical industry. 

Ask for full details quoting No E.E.4. 


EPOXY RESINS for perfect potting 


“EPIKOTE " is a Registered Trade Mork. 





1958 Tick No 17 on reply card for further details als 











amd) oe (Gt) 4 


WORLD WIDE SERVICE FOR WORLD‘S FIRST NUCLEAR COM®BaAn,\ 






Reliable, accurate reactor instruments for use as individual compo- 
nents in “customized” systems . . . reactor instruments to ORNL specifi- 
cations, or to your own specialized designs. Perhaps best of all is 

that we're in production and can ship all these and many other 

types. Bring your reactor instrument problems to Victoreen, the 
specialists in reactor instruments and instrumentation. 
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RADIATION MONITORING — ae 
: _s t. 
To detect, measure, record or i mrt tt. 
control radiation of almost any ' oe 
type or intensity . . . with com- 
plete systems to AEC specifica- — » a 
tions — that’s part of Victoreen’s ee ’ 
radiation monitoring story. So ° 7 
no matter what your radiation fr. 


monitoring problem, it will 
probably pay you to check 
with Victoreen first. 





Medical X-Ray Dose Contro Civil Defense Instrumentatio 

Personal and “Area Dosimeter Geiger and Electrometer Tube Write for this NEI 
™ 4 Laboratory and Field Hi-Meo Resistors and Voltage ( 
if Survey Meter Reculator Tube TRIL CATAL 


of Nucleonic 
and Electronic Equip 


/ y rye) % 
Company 


3 a” pr , 

CN . The \ icforeen Instrume N) 
yORLD WIDE; SERVIC; 5806 Hough Avenve * Cleveland 3, Ohio 
= 





Represented Internationally by 


se) TERMINAL RADIO INTERNATIONAL Lt 


ly 
135 Liberty Street, New York 6, N.Y., U.S.A. « Cable: TERMRADIO « Phone: WOrth 4 








TELCON p.v.c. insulated and sheathed single wire armoured and p.v.c. 
sheathed cables, terminated with TELCON glands type ‘G’ and p.v.c. shrouds 
are used in the East Greenwich Works of the South Eastern Gas Board. 


When TELCON cables are sheathed and insulated with p.v.c. 


I.C.l. ‘Corvic’ is used 


.C.1, “CORVIC’ p.v.c. polymers are ‘Their service is at your disposal. 
backed by the finest research One of the many _ important 





and technical service in the coun- organisations which uses ‘Corvic’ is 
os try. If you are interested inthe The Telegraph Construction and 
use of p.v.c., if you would like Maintenance Co. Limited. ‘Corvic’ 
to know more about its appli- is widely used in the manufacture 
cations, get in touch with I.C.I. of TELCON cables. 


—_ le i, a 









this NE\ 6 ‘ , 19) ‘Corvic’i. the registered trade mark for the 
( G (6) R VV [ p.v.c. polymers manufactured by I.C.I 


a(etelalis 


a IMPERIAL CHEMICAL INDUSTRIES LIMITED LONDON 
ic Equip 
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... there's quite a lot we know about the behaviour of pipes. 
Teddington Bellows Expansion Joints are designed and en- 
gineered to take up and absorb expansion, contraction and 
lateral movement of piping in a wide variety of industries. 

After Teddington Bellows have been butt-welded from 
highly finished cold rolled stainless steel sheets, convolu- 


tions are introduced to give the bellows their characteristic 


LET OUR ENGINEERS ADVISE ON YOUR 
EXPANSION PROBLEMS 
Send for our brochure No. R 104 
Teddington Bellows are produced 


in technical collaboration with the 
Solar Aircraft Co. U.S.A. 


pres 0% the move re” 


TEDDINGTON BELLOWS 


EXPANSION JOINTS 


TEDDINGTON AIRCRAFT CONTROLS LTD 
INDUSTRIAL BELLOWS DIVISION 
Ammanford, Carmarthenshire. Tel: Ammanford 455 


Under pressure, we ll admit... 
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flexibility under pressure. 
Nuclear, chemical, marine and gas engineers acknow- 
ledge their efficiency and superiority over many older forms 
of expansion joints. 
Wherever pipe-work is subjected to vibration or move- 
ment in any direction, a Teddington Bellows with a suitable 


end-fitting will solve the problem. 
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Every great advance in man’s conquest of natural 
forces, has, for many years, been immeasurably 
dependent upon the quality and availability of 
Firth-Vickers ‘‘Staybrite’’ Stainless Steels. 

The special engineering problems of this 

Nuclear Age depend upon the steels 

which Firth-Vickers have developed and are still 
developing in the corrosion, heat 

and creep-resisting fields. 


FIRTH -VICKERS STAINLESS STEELS LTD., SHEFFIELD 


TELEPHONE: SHEFFIELD 42051 
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Pador specialize in the design and supply of batteries and CALDER HALL ‘2’ 
allied equipment for atomic energy establishments. Contracts 

for battery equipment include 240V Station batteries, 110V CALDER HALL ‘B’ 
Switch Closing batteries, 50V Tripping batteries and 50V CHAPEL CROSS 
Control batteries complete with charge and control equipment DOUNREAY 
and distribution boards for each of these Power Stations — 


Supplied under sub-contract from A. Reyrolle & Co. Ltd; The English Electric Co. Ltd; 
Brush Electrical Engineering Co. Ltd (a member of the Brush Group) 


i eo 


THE TUDOR ACCUMULATOR COMPANY LTD, 137 VICTORIA STREET, LONDON SWI1 TELEPHONE: TATE GALLERY 0307 
Works: Dukinfield, Cheshire. Telephone: Ashton-under-Lyne 1651 
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SCREW 
FIXINGS 

Use the famous 
RAWLPLUG for 
neat, firm 

fixings in brick, 
stone, etc. All 
sizes for up to }” 
diameter Coach 
Screws. 
Rawlplugs are 
waterproofed and 
unaffected by 
climatic 


conditions. 


BOLT 

FIXINGS 

For bolting 

down machines, 
ght or heavu, 
seRAWLBOLTS 


a dry fixing that 
grips by 

é sion. No 
cold chiselling, 

no waiting for 

¢ 


ment to harden. 
Sizes up to 1” 
bolt diameter. 





4 


a 


CAVITY FIXINGS The amazing RAWLNUT, screwed up from the 
front, forms its own rivet head behind the material—airtight, watertight, 
vibration-proof, squeak-proof! For all thin or hollow materials. 





B59) 
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Fixing methods that served well enough in by- 
gone days fall far short of modern standards of 
efficiency, when an average machine can be safely 
bolted down and in operation within an hour or 
so of arrival! 


Rawlplug Fixing Devices always save time and 
therefore money, for it is a simple fact that on 
every screw and bolt fixing job, in solid or cavity 
materials, you’ll make strong, absolutely safe 
fixings in far less time than by any other method. 


You can easily prove this for yourself. The first 
step is to write for full details of the 21 different 
types of Rawlplug Fixing Devices. Write us now 
—and if after studying our literature, you have 
any difficulties about a particular problem, our 
Technical Service specialists will be delighted 
to advise you without obligation. 





FIXING DEVICES 


THE RAWLPLUG COMPANY LTD 


CROMWELL ROAD, LONDON, S.W.7 
Tick No 23 on reply card for further details 
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ADD A LITTLE 


Micro 
Switchcraft 


TO YOUR ENGINEERING 





Always more than 300 types 


of Micro Switches in stock - 


Micro Switchcraft by 


YUM LN thay, Yy WUMYLIIIITThtayy Stiff lf ltt tbtttttt, (s1tt11t4 hbdddd 
£ © ite M, vy Me Yuylimaiiig 
% Z 3 4 Z 
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THE BRITISH MICRO SWITCH DESIGN 
AND MANUFACTURING SPECIALISTS 


° 
™~ 


BURGESS PRODUCTS CO. LTD., MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11. Tel: Low Fell 75322, Telex: 53-229 
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I TAYLOR- 
OBSON 


MICRO ALIGNMENT TELESCOPE 





} { A Division of 


RANK PRECISION INDUSTRIES LTD. 





TAYLOR TATVTEOR 
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Used by the United Kingdom Atomic 
Engineering Research Establishment in the 
construction of Experimental Nuclear Re- 
actors and the associated Projects ZETA, 
BEPO, ZEUS, ZEPHYR, DIDO and PLUTO. 
Also used by the leading manufacturing 
groups in the construction of Nuclear Power 


Stations, of the Power Supply Plan in Great 


N 


’ Britain. i 

™ 7 3K PROTECT PERSONNEL with Kershaw 
yY | i 
Kw Dosimeters as supplied to the British 


\ f 
Government. 
we 


Se 
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& HOBSON Se > ore LETcCEesTe RR. ENGLAND 
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Under sub-contract to A. Reyrolle & Co. Ltd., 

Brookhirst motor starters are being supplied for vitally important 
plant at Bradwell, the nuclear power station being built by the 
Nuclear Power Plant Co. Ltd., for the Central Electricity Generating 
Board. Being chosen for this notable installation is yet another proof 


of Brookhirst leadership in motor control in the nuclear field. 
NGFIELDS 


@<pri 







Sennv8st 4s specialised sub-contractors 
Brookhirst have also been called upon 


= = / ses 
\ / to supply very large quantities 
he b ROOKHI i 4 of motor control gear for the 
a y 
a R q T United Kingdom Atomic Energy 
, ee 


( se Authority’s establishments. 


AY 
: pOUNRE 
> wy rs 


uL 
CAL 7 


cu. cx05@  BROOKHIRST SWITCHGEAR LTD., NORTHGATE WORKS, CHESTER 
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\3 Mien ud A METAL INDUSTRIES GROUP COMPANY Cvs- 
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KARE EARTHS AS NUCLEAR POISONS 


Cost and availability are no longer problems 


Significant developments in the cost 
and availability of the neutron absorb- 
ing rare earths are redirecting the at- 
tention of control rod designers to the 
use of these materials as poisons in nu- 
clear reactors. 

Early interest in the rare earths was 
centered in europium because of its su- 
perb neutron absorbing properties and 
extended life. At that time, all the high 
cross section rare earths were scarce 
and expensive, and the metallurgical 


problems were relatively unexplored. 


PRODUCTION FROM ION EXCHANGE 


Since then, considerable experimental 
work has been devoted to development 
of practical fabricating techniques 
and the improvement of separation 
processes. Lindsay pioneered the first 
commercially installed ion exchange 
plant for the production of rare earth 
oxides in purities up to 99.99%. 

Now, more than 100 columns with 
large production units of eighteen inch 
and sixty inch diameters are in continu- 
ous operation at the Lindsay plant. All 
the important neutron absorbing rare 
earths are now available, not only as 
the oxide which can be custom made 
with regard to density and particle size, 
but also as the boride, disilicide, or 
metal. 

One important by-product of the ad- 
vances in separation technology is that 
several of the rare earth absorbers have 
become common materials. The prices 
of oxides of gadolinium, samarium, er- 


bium, dysprosium and europium have 


a report by LINDSAY 


all tumbled sharply. Only europium is 
priced above $1 per gram; samarium 
and gadolinium are but a few cents per 
gram. 

We know of course that europium is 
the most effective control rod material, 
but because of its scarcity, it will al- 
ways be the most expensive rare earth 
absorber. Control rod designers now 
need to consider price, as well as prop- 
erties, when selecting rare earth mate- 
rials as control rod poisons. 

Except in high flux reactors requir- 
ing few control rods, it is uneconomic 
to use europium as a primary poison; 
most commercial reactors do not need 
it except for its ability to absorb 
epithermal neutrons. Therefore, we 
suggest that control rod designers con- 
cerned with fluxes of about 2 x 1018 
consider gadolinium as their primary 
poison, with samarium, dysprosium, 
erbium, or europium as additions to 
achieve desired rod worth. Where both 


cost and performance are factors, the 
rare earths are no longer exotic, but ac- 
tually superior to other materials. 

Furthermore, the prices quoted for 
certain mixtures of the rare earths may 
be well below those quoted for each 
material separately. 


AMPLE CAPACITY TO MEET DEMAND 


Lindsay has expanded production facil- 
ities and has ample capacity to meet 
anticipated demand for neutron 
poisons in the foreseeable future. Our 
technical staff is familiar with both con- 
trol rod and rare earth separation tech- 
nologies, and is available to help you 
select the most economical mixture of 
materials. 

We have a wealth of technical data 
and ideas relating to the use of various 
rare earths in control rods, some of 
which is contained in our brochure 
“Rare Earths as Poisons in Nuclear Re- 
actors.” A copy is yours for the asking. 





THORIUM ...a superior fertile material 


Lindsay is the world’s largest producer 
of both rare earth and thorium chemi- 
cals. Thorium and thorium oxides are 
being used and proposed more and 
more in new reactors in spite of the 
temptation to use uranium in order to 
capitalize on the temporary high buy 
back price for Pu. Thorium materials, 





particularly the metal, can operate at 
higher thermal conditions than their 
uranium counterparts, and show a 
somewhat higher thermal conductivity. 
The » for U*83 is much higher at ther- 
mal neutron energies than » for any 
other fuel; the Th-U?35 cycle is the best 
hope for breeding in thermal reactors. 





Among the materials produced by American Potash & Chemical Corporation 
which may be of interest to you are Cesium, Rubidium, Boron and Lithium. 


PLEASE ADDRESS INQUIRIES TO 


LINDSAY CHEMICAL | )IVISION 


American Potash & Chemical Corporation 
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298 ANN STREET, WEST CHICAGO, ILLINOIS 
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THE PEACEFUL ATOM 


Improved atomic power plants for Europe 


New Power Reactors Now 
Ready for Continent Where 
Nuclear Science Was Born 


Since the time when nuclear fission 
was discovered in Europe, men all over 
the world have helped in the long, hard 
task of putting the atom to work for 
humanity. In America, Atomics Inter- 
national is a pioneer in this endeavor. 
This work began in 1946, by bringing 





RESEARCH FOR SCIENTIFIC PROGRESS 
Research Reactors like this one at the 
University of Frankfurt are used for 
studies in science, medicine, and industry. 


together some of the very few men who 
had practical nuclear experience in 
those days. Today Atomics Interna- 
tional has grown into a leading pro- 
ducer of nuclear reactors—for America, 
and for the world. 


Designs already tested 

To help in the power expansion plans 
of Europe, Atomics International has 
two proven types of reactor available 
for immediate construction. In addi- 
tion, several advanced concepts are 
under intensive study. Working with 
the U. S. Atomic Energy Commission, 
Atomics International built a Sodium 
Graphite Reactor and an Organic Mod- 
erated Reactor. Both are performing 
excellently. Electricity from the Sodium 
Reactor Experiment is being supplied 
to the public in California, and a 


we 


75-megawatt power station based on 
this reactor is being constructed in 
Nebraska. An Organic Moderated 
Reactor plant for the American city 
of Piqua, Ohio, is scheduled for early 
construction. OMR power stations in 
the range of 100 to 150 mw are pres- 
ently under consideration by both 
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Frankfurt, West Germany; the Insti- 
tute for Nuclear Research, West Ber! in; 
the Atomic Energy Institute of Japan, 
near Tokyo. Another for the Politec- 
nico of Milan, Italy, is nearly finished. 
A number of small, low-cost reactors 
for University training and research are 
also being constructed. 


POWER FOR ECONOMIC DEVELOPMENT 
The Sodium Reactor Experiment in California has demon- 
strated the Sodium Graphite type of reactor to be practical 
and efficient for the production of electrical power. 


American and European utilities. The 
OMR is also highly suitable to propel 
merchant ships. 

In addition, Atomics International is 
engaged in the development of the Ad- 
vanced Epithermal Thorium Reactor 
for a group of fifteen American utilities, 
with a plant-capacity target of 200 mw. 


Customers in many countries 

AI has built research reactors for: the 
Danish Atomic Energy Commission, 
near Copenhagen; the University of 


Associates in Europe 

In association with the prominent 
West German manufacturing company 
DEMaG, Atomics International has 
formed the jointly owned subsidiary 
INTERATOM, headquartered in Duis- 
burg. We also have a technical assist- 
ance agreement with ASEA of Vasteras, 
Sweden, the international electrical firm 
with offices in 50 countries. For more 
information, please contact: ATOMICS 
INTERNATIONAL, Canoga Park, Califor- 
nia, U.S.A. Cable address: aToMICcs. 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION, 


INC. 


PIONEERS IN THE CREATIVE USE OF THE ATOM 


Other Oftices in: Washington, D.C., U.S.A.; Geneva, Switzerland 
Affiliated with : Interatom, Duisburg, West Germany 
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Heading for the nuclear horizon? 
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The chemists, engineers, metallurgists, physicists, 
technologists and craftsmen of The Morgan Crucible 
Company are already going forward into the age of 
nuclear power. Morgans have dealt in progress for the 
past 100 years—using their knowledge and skill to 
develop and manufacture products, parts and pieces 
which are essential, directly or indirectly, to every 
industry throughout the world. From laboratory research 
to commercial application, Morgans will always 

be in the forefront of the industrial advance. 
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of Battersea 


CARBON AND GRAPHITE—ELECTRICAL, CHEMICAL AND MECHANICAL; 
CRUCIBLES, FURNACES, REFRACTORIES; RADIO PARTS; SINTERED 
METAL PRODUCTS AND ELECTRIC FURNACE ELEMENTS. 


THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, 
MCC 124/A 
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A machine shop specially 
established for machining graphit 
under “Clean Conditions” is now 
in operation at our Hayes Works 
This new department supplement 
our already extensive facilities 
for machining commercial 
graphite and is fully equipped 
with specialised plant for high 
precision work, It is capable 

of producing all types of graphite 


components for nuclear purposes. 


These photographs 

show the graphite for the 
NATURAL URANIUM GRAPHITE 
MODERATED EXPONENTIAL 
EXPERIMENT at Imperial 

College, London being machined 

in the new department. 

Further facilities for precision 
machining of full production 
quantities under “‘Clean Conditions” 


are now being installed. 


Powell Duffryn 


CARBON PRODUCTS LIMITED 


SPRINGFIELD ROAD, HAYES, MIDDLESEX 
TELEPHONE: HAYES 3994 
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ASBESTOLWUX asbestos insulation board, MARINITE asbestos 
sheet and CAPASCO moulded brake linings and clutch facings are 
also manufactured by the Cape Asbestos Group of Companies. 


THE CAPE ASBESTOS COMPANY LIMITED 
114 & 116 PARK STREET, LONDON, W.1. TELEPHONE: GROSVENOR 6022 
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The heat developed by the twin 

reactors of the new Berkeley atomic 
power station poses problems of 
thermal insulation which will require 
new techniques in their solution. 
Confining and controlling such intense 
yet precious thermal energy constitutes a 
challenge—a test worthy of the 
knowledge and skill acquired in 

65 years’ experience of 

thermal insulation manufacture by 

The Cape Asbestos Company, to whom 
the contract has been entrusted. 


THE GAPE ASBESTOS COMPANY LIMITED 


Manufacturers of: 


CAPOSITE 


Moulded Amosite Asbestos Insulation 


ROCKSIL 


Rock Wool Insulation 


PLUTO 


Asbestos Textiles 


. At the Berkeley Nuclear Power Station of the 


Central Electricity Generating Board, the contract 
for supplying and installing thermal insulation 

for the TWO REACTOR PRESSURE VESSELS, 

16 HEAT EXCHANGERS, THE CO: 

DUCTING AND MAIN STEAM PIPES has been 

awarded by the main contractors 

AEI- John Thompson Nuclear Fnergy Co. Ltd., to 
The Cape Asbestos Company Limited. 














NUCLEAR POWER 





... ACHESON GRAPHITE 


In its work as a neutron brake the pile moderator performs an exceptional role 
in the reduction of neutron velocities to thermal values for the continued promotion of the 
natural uranium fission process. In this function ACHESON Graphite is playing a 
supremely vital part. In close collaboration with the United Kingdom Atomic Energy 
Authority 5,000 tons of ACHESON Graphite conforming to an exceptionally strict specification 
for purity were supplied for the Calder Hall ‘A’ reactor. Many thousands more tons of 


ACHESON Graphite in nuclear qualities are in train for Britain’s Atomic Power Stations. 


Ach 2so NEI 


The term ACHESON is a registered trade mark. 











BRITISH ACHESON ELECTRODES LTD., WINCOBANK, SHEFFIELD. PHONE ROTHERHAM 4836 
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FOR BERKELEY 
A.E.1.—JOHN THOMPSON SPECIFIED 
“AIR CONTROL” FILTERS 


The air used for cooling the thermal shields at Berkeley power station is filtered at all stages by 
equipment supplied by Air Control Installations Ltd. Banks of ACI Dustrap filters are mounted in the 
inlets; specially engineered AAF Roll-O-Matic filters provide the biological cleansing of air passing 
through the outlets. 

Once again, ‘‘Air Control” filters have proved that they meet the exacting specifications demanded for 
nucleonic applications. 


May we send you full details of our complete range? 





AIR CONTROL 


INSTALLATIONS LIMITED 


RUISLIP - MIDDLESEX - RUISLIP 4066 





















AAF 

Roll-o-matic filter 
(patents pending): a self- 
maintaining filter with a 
renewable curtain of bonded 
glass fibre. Once installed, it 
works automatically, and 
needs little more than 
routine inspection at in- 
frequent intervals. 


LONDON = BIRMINGHAM + MANCHESTER + NEWCASTLE + GLASGOW 


AAT 











Air Control Installations Ltd. are the sole 
manufacturing licensees in Great Britain for 
vroducts of the American Air Filter Co.. Ine 
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Berkeley No.1 reactor; 
the thermal shield in 
process of construction. 
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tailor-made to each job! ROW 7? 


MULTIRAIL fabricated steel handrail standards f b ° t d 
have proved to be as rigid as the solid forged type, with abricate 


the advantages of four ferrules enabling steel hand all 
vacant ferrules to be used in id 
standards 









carrying power lines, air 





and gas pipes, etc. 


















“ SAFETREAD” FLOORING IS 


welded for 
extra strength 


Tailor-made and not just cut to 

fit, ‘Safetread’ flooring is no dearer 
to specify than ordinary steel flooring, 
but provides maximum strength with 
minimum of materials ; non-skid 
surface ; 82% light and air 
penetration ; a neat-fitt- 

ing, clean appearance. 
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for detailed literature to 


Allan KHennedy :co itp 
m AR It.) MM Bee ee ET ;h6UD§ULW Th UO Uk. FD ON - O MT EES 
Tel: Stockton 65464 (4 lines). Grams: Grating, Stockton-on-Tees. Also at 207 Victoria Street, London, S.W.| 
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A new way with Hollow Blades 


Wilmot Breeden, interested in the manipulation of metal in the cold state, have 
developed in co-operation with famous jet engine firms a new process for the manufacture 
of inlet guide vanes and stator blades. These envelopes are now formed in 
nickel-chrome alloys in a succession of press operations from a flat blank, the 
trailing edge being brazed—in a controlled protective atmosphere—to extremely 
close tolerances, leaving a minimum of material to be removed and eliminating 
any risk of weakening the joint. 
The inlet guide vanes and stator blades determine the direction of flow of the air 
entering and passing through the compressor to the combustion chambers. 
Accuracy of the envelope is vital, particularly so at the trailing edge. The vane is 
anti-iced by passing hot air through it. This air is distributed by means of one or 
more perforated ducts, which may form strengthening members, positioned within 
the envelope. The benefits of this process are: minimum weight for given envelope 
size, full response to aerofoil requirements, maximum heat transfer because of 
uniform wall thickness, ease of accommodating end fixings of widely differing design. 
The illustration shows an inlet guide vane for a Sapphire engine; the envelope 
and the single air duct of this blade are of stainless steel as are the spherical 
end bearing and the dovetail at the root end. Both end fixings are machined and 
ground to close tolerances after being brazed into position by induction heating. 


Ifyou haveanapplication for this new method we shouldbe pleased to investigate and advise. 


Wilmot Breeden are skilled in metal manipulation 


Wilmot Breeden Ltd, Birmingham 1. 
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Specialists for 30 years in the manufacture of me- 
chanical materials handling aids for every industry, 
Paterson Hughes produce the finest complete schemes 
and equipment to suit any application. A satisfactory 
materials handling scheme, designed to fulfil specific 
requirements effects considerable economies of labour 


and space. For the major step to higher production, 


consult 


CYSTS 7 


PILE AM AM f ft} SA47ETTTAAY 





PATE -RSON HUGHE , | 


ENGINEERING COMPANY LIMITED 


MECHANICAL HANDLING & 
ENGINEERS AND CRANE MAKERS 


NDFORD WORKS - MARYHILL - GLASGOW - TEL MARYHILL 2172-4 
BEDFORD HOUSE - BEDFORD ST - LONDON - WC2 - TEL TEMPLE BAR 7274-6 
3 HIGHFIELD RD - EDGBASTON - BIRMINGHAM - TEL EDGBASTON 2957-8 
8 CHATHAM ST - PICCADILLY - MANCHESTER - TEL CENTRAL 6623 
PATERSON HUGHES ENGINEERING SA (PTY) LTD - PO BOX 811 JOHANNESBURG 
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Between experts... 


] 





(2) 


and if we could land the contract for 
radiographing these new light-alloy 
castings, it would be a fine bread-and 
“butter job for the new X-ray unit. 





We must put up a good show, so 
I suggest you take along some of those 
Al/Mg undercarriage component rejects 
which you took on Ilford Industrial X-ray 
film C. The flaw discrimination is really 
quite extraordinary. 





By the way, you should see what the 
Ilford people have to say about their 
Industrial X-ray film G for gamma-ray 
work. I'm attaching my copy of their 
booklet "Ilford X-ray Films, Screens and 
Chemicals for Industrial Radiography" but 
they'll send one free of charge if you 
write. Don't forget to return mine. 





ILFORD 


X-RAY FILMS 





FOR INDUSTRIAL 
RADIOGRAPHY 


ILFORD LIMITED ,. JLFORD . ESSEX 
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New E.M.I. Hand and Clothing Monitor Type 1 


This new E.M.I. Hand and Clothing Monitor has 

been designed to the latest U.K.A.E.A. requirements to 
safeguard workers in nucleonics. The two Clothing 

Probes give separate indication of Alpha and Beta Gamma 
levels, and can be used at the same time as the Hand 
Monitor — thus providing for speedy, accurate and 
continuous checking of personnel and clothing for radio- 
active contamination. Ruggedly constructed for industrial 
use, the Monitor is simple to operate and maintain. 

* Complete Hand Monitoring in 5 seconds 

* Audible and visible “Danger Level” warning 

e Independent Alpha and Beta Indications 
7 


Automatic Correction for background radiation 


For further details, telephone or write to:— 


E.M.I. ELECTRONICS LTD 


INSTRUMENT DIVISION + HAYES + MIDDLESEX 
Telephone : SOUthall 2468 - Exts. 1071 and 655 EE 209 
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POLLARD BEARINGS LTD FERRYBRIDGE KNOTTINGLEY YORKSHIRE 


Telegrams : BALBEARING FERRYBRIDGE. Telephone: 2323. Telex: 55-166 
LONDON OFFICE: 44 HERTFORD STREET, LONDON WI. Tel: LEGATION 3888. Telex: 23549 
POLLARD BEARINGS NORTHAMPTON. Tel: 3766. Telex: 31-624. 

CANADIAN POLLARD BEARINGS LTD. OAKVILLE ONTARIO. Tel: VI.5- 1667 EM 4535 
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BRABY 


for Metal Plate 
and Sheet Metal 
Fabrications 


Pressure Vessels, Hoppers, Storage Tanks, 
Containers, Ducting, in all shapes and sizes 
and in bolted, riveted or welded construction, 
Structural Steelwork, Perforated Metals, 
Storage Equipment—these typify the compre- 
hensive nature of the Metal Plate and Sheet Metal 
Work that BRABY supplies to British Industry. 


All are featured in a newly-published brochure, ‘BRABY Metal Products for Industry,’ which also includes 


some useful trade memoranda. Copies are available on request. 





Hb W ANGE Of FREDERICK BRABY & COMPANY LIMITED 


TELEPHONE 


Head Office: 352-364 EUSTON ROAD, LONDON, N.W.1. TELEPHONE: EUSton 3456 





ntree 1721 





P FACTORIES AT: London Works, Thames Road, Crayford, Kent. TELEPHONE: Bexleyheath 7777 
/ 4 Havelock Works, Aintree, Liverpool, 10. ! 
[ Eclipse Works, Petershill Road, Glasgow, N. TELEPHONE: Springburn 5151 





Ashton Gate Works, Bristol, 3. 


Bs OF 
TELEPHONE: Bristol 64041. And Falkirk 
OTHER OFFICES: 110 Cannon Street, London, E.C.4 (Export). TELEPHONE: MANsion House 6034 
Queen’s Buildings, 10 Royal Avenue, Belfast. 
Palace Street, Plymouth. 


TELEPHONE: Belfast 26509 


TELEPHONE: 62261 
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out the world of the ‘Counterflo’ 
amechanical draught tower with its 


high efficiency, low height and 


j pact construction. Further 
‘Counterflo’ towers are being sup- 
plied for atomic reactors in 
Australia and Denmark. 


= 
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) WRIGHTSON PROCESSES LTD 


TEESDALE HOUSE .- 16/26 BALTIC STREET - LONDON . E.C.I 
Offices at: P.O. Box 1595 Sydney - P.O. Box 1034 Johannesburg « P.O. Box 2608 Calcutta & P.O. Box 706 Hamburg 
Associates in the U.S.A.: The Fluor Products Company Los Angeles 22 New York Chicago Tulsa etc. 
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slowly but surely... 





Slomax Creep-Speed Control 


This system was developed to meet the need for a controlled creeping speed for all motions 
of cranes on A.C. supply where precise slow-speeds are required. 


The success of this well-tried system, proved under arduous conditions lies in its extreme 
simplicity. 


The device is entirely automatic and fool-proof. 
The main motor is not energised when the creeping speed is in operation. 


The operating circuits being electrically inter-locked, it is impossible for the main motor 
and the Slomax motor to operate simultaneously. 


——— 


Slomax control permits an unlimited ratio between creeping and normal speeds, and whilst 
ten to one is usual, a ratio of fifty to one is not uncommon for specialised duties. 


A further advantage is that where precise creeping speeds are required for specialised 
operations, the Slomax control will ensure a predetermined creeping speed, irrespective of 
the load on the hook. 


THE WHAPTO, CRANE &€ HOIST CO.LTD 


REDDISH STOCKPORT ENGLAND 














Phone: Heaton Moor 2227 Grams: “ Gallant, Manchester. Code: Western Union 
t DON | Lincoln House, 296/302 High Holborn WC 1 Phone : Chancery 7911 Grams - Chancery 7911 

sc ND : Fisher-Baxter & 140 West George Street, Glasgow C. 2 Phone : Douglas 1061-2-3 Grams - Fluorspar, Glasgow 
MIDLANDS . A R Holland & Son, 89 Cornwall Street. Birmingham 3 Phone - Central 1457 Grams : Central 1457, Birmingham 

OL WEST R Cc ns, 48 Westbourne Road, Penarth, Glamorgan Phone = Penarth 1527 Grams : Penarth 1527 

NORTHERN COUNTIES - Fisher-Baxter & Co, 140 West George Street, Glasgow C. 2 Phone : Douglas 1061-2-3 Grams : Fluorspar, Glasgow 
NORTHERN IRELAND — General Engineering Products Ltd. 7/9 Great Patrick Street, Belfast Phone : Belfast 23743 Grams : Belfast 23743 

EIRE OUTHERN IRELAND | Charles Nolan & Co. 2 Parker Hill, Lower Rathmines Road, Dublin Phone Dublin 93510 Grams : Dublin 93510. 

CANADA | Marshall Equipment Co Inc, P.O Box 28, 6! Victoria Avenue, Dorval Station, P.Q Phone : Melrose 1-3528 Grams Marquipco, Montreal 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD. 
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THE WORLD-WIDE-FAMOUS 


ERHARD 
vA 1 Voor 





known for their Design, Precision and Quality for more than 80 years 


SOLVE ALL PROBLEMS . 















































JOHANNES ERHARD H.WALDENMAIER ERBEN 


Suddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 388] Cable- Erhardarmaturen 


For all information write to 


The Sole Agents for the United Kingdom 


A.K. STARCK’S CO. LT D. 22, Chancery Lane London W.C. 2 


Telephone Holborn 2966 Cable: Akstar London 
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The complete Superheating Service 
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Wherever STEAM 
used in:— 


f 
| 


TRACTION 
PROPULSION 
GENERATION 


consult 
The Locomotive and Marine Division 
The Nuclear Division 


The Power Piant Division 


he SUPERHEATER 
Company t 
the Authority ow Suporhedled, Stiam 


Broadway/C23 
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CHANCE-PILKINGTON 
high energy radiation 





SHIELDING 
GLASSES 








are now used by the Atomic Energy Authorities in 
THE UNITED KINGDOM - FRANCE * BELGIUM ‘ NORWAY 
SWEDEN * DENMARK - INDIA * AUSTRALIA 

and many other countries will shortly be supplied. 


They are also used in a great many hospitals, 
research laboratories, and Universities, for 
protection against gamma radiation. 
Comprehensive technical information 

is available on request. 


Shielding glass blocks up to 4ft. 6 inches 
x 3ft.x 6 inches thick, framed and 

ready for installation, will be available 
shortly. 

















TOTAL VISIBLE | MAXIMUM 
GLASS REFRACTIVE | chavmrs | equiva. | JRANSMISSION | VOLUME AFTER 
TYPE INDEX (D) FOR THICKNESS GRINDING AND 
PER CC LENT anuecanien 
= == POLISHING 
1 4 
OW7 1.70 4.3 0.38 79% 59% 1,000 cu. ins. 
(stabilised) 
927210 1.93 6.1 0.54 73% 56% 550 cu. ins. 
ows 1.93 6.1 0.54 49% 21% 550 cu. ins, 
(stabilised) 
(Stabilised glasses are resistant to darkening 
under the influence of high energy radiation) 
GLASS TYPES REFRACTIVE DENSITY L 


EAD 
INDEX GRAMMESPERCC EQUIVALENT 





Lime Soda 1,52 2.5 0.22 
(stabilised) 
Lime Soda 1.52 2.5 0.22 
(unstabilised) 


EDF Lead Plate 1.70 4.3 0.38 
(stabilised) | 


EDF Lead Plate 1.70 4.3 0.38 
(unstabilised) | 








CHANCE-PILKINGTON OPTICAL WORKS 
PILKINGTON BROTHERS LIMITED, 
GLASCOED ROAD, ST. ASAPH, FLINTSHIRE. 
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With the completion of the world’s first privately 
owned heavy water research reactor, at the 
Massachusetts Institute of Technology, comes a new 
and powerful instrument to further man’s knowledge in 
the peacetime use of atomic energy. As prime 
contractor responsible for the complete engineering 
design and construction of this facility, ACF 
Industries, Incorporated is proud to join with MIT 

in this achievement. 


The MITR will operate at LOOOKW and produce 

fluxes in excess of 10'3n/cm2/sec. This inherently safe 
facility, located near the campus, includes a unique 
medical therapy room providing entirely new 
approaches to nuclear medical research techniques — 
a full range of experimental ports and thimbles — 
gamma irradiation room — chemistry hot 

labs — reactor control room — and equipment 

for servicing the reactor building. 


Other ACF nuclear projects include researcn and test 
reactors under construction in Italy, Holland, Sweden 
and the U.S. ... and gas cooled and boiling water 
power reactors being designed for the U.S. 

Atomic Energy Commission. 


NUCLEAR PRODUCTS-—ERCO 
Division of GCF Industries Incorporated 


508 Kennedy Street N.W Washington 11, D.C. 
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‘Rotarprest’ Ends for Pressure Vessels 
can be supplied in Mild, Alloy and Clad 


Steels and Non-ferrous Metals. The capacity 
of the Rotarpress ranges from 5 to 15 feet 
diameter, and }” to 4” thickness. Knuckle 
radii and depth may be varied to meet 
individual requirements. 

Please ask for List No. NP 965 giving full 


range of sizes. 








G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD - LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 
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SAVES METAL 


—CUTS TOOL COSTS 


The design and production of 
Pressure Vessels may be 
greatly facilitated by using 
dished and flanged ends spun 
by Harveys on the Rotarpress, 
They combine semi-ellipsoidal 
form with large knuckle 
radius. A substantial reduc- 
tion in plate thickness can be 
effected, and in most cases 
tool costs are eliminated. 
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WESTERN DETAIL MANUFACTURERS LTD 
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first SOOOOO kW atomic power station 


The construction of Hinkley Point, the first atomic power 
station in the world designed to produce electricity at a 
cost comparable with that from conventional power 
stations, marks a great step forward in the peaceful 
utilisation of atomic power. 

Operations on site and at the works of the Group com- 


THE ENGLISH ELECTRIC COMPANY 
Limited, Marconi House, Strand, 
London, W.C.2. 


ENGLISH 
ELECTRIC 


BABCOCK & WILCOX LIMITED 
Babcock House, Euston Road, 
London, N.W.1. 


BABCOCK | 
& WILCOX | 


panies, are making rapid progress. Already the shape of 


this great new station is revealed by a complex of approach 
roads, vast excavations and massive foundations. Soon 
the new harbour being built will be handling the full flow 
of plant and equipment from the Group factories, for the 
biggest constructional task of this atomic age. 


TAYLOR WOODROW CONSTRUCTION 
Limited, London 


TAYLOR 





Seal “aaa 





WOODROW 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
Il est souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas ot 
vous désireriez de plus amples 
renseignements a ce sujet, veuillez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére d NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es ist oft schwierig fir Inserenten 
alle technischen LEinzelheiten 
tiber thre Produkte in einem 
begrenzten Platz zu _ bringen. 
Sollten Sie noch weitere Aus- 
kilnfte wilnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAR 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
zionista dt indicare in uno 
spazio ristretto tutti ¢ particolars 
dei suoi prodotti. Qualora de- 
sideraste ricevere pit ampie 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qui 
accanto ed inviare quest’ultimo a 


NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos. Si 
desea ulterior informacién, 
marque los nimeros apropiados 
en la tarjeta opuesta y mdndela a 
NUCLEAR POWER. 


Hudopmauua ana ynTateneh 
Yacmo 6vieaem mpydxo peraa- 
Mupynwum Aauyam Oaeamo «ece 
mexnuryecnue nodpo6xocmu ceéo- 
ea npodyxyuu @ pexnaame. Ecau 
Bam noxado6amca doG6asounwne 
ceeOenua, Mo NpOocmo ommMemome 
coomeemcmeynujue HOMEPA Ha Ka- 
mouxe Ha npomuésonosAosCHOn 
emopone u omnpaeome * 
NUCLEAR POWER. 
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LahekA te Aha READER INFORMATION SERVICE 


ee SN TieN  BUCLESy . Eeatweneiy It is often difficult for advertisers to give all the 
technical details about their products in a limited 
amount of space. If you would like further infor- 
mation simply tick the appropriate numbers on the 
card opposite and mail to NUCLEAR POWER. 
Also the following items not numbered 


On Out wn — 


NAME OF BUSINESS 





ADDRESS 





POSITION HELD __ 


NATURE OF BUSINESS 
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SUBSCRIPTION GARD ([iRR IEE tae arr 


THE JOURNAL or BRITISH muCLEAP ENGINEERING 


YES! 
! want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for !|2 months/until countermanded: 


U.K. £2. 2s. Od. + 10s. postage 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. ( Subscription enclosed 


starting with the issue (] Invoice me later 





NAME 





SEND TO MY HOME/BUSINESS ADDRESS 
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STEEL TUBES 
AND MANIPULATED PIPEWORK 
FOR NUCLEAR POWER STATIONS 


Stewarts and Lloyds have already contributed substantially 
to the construction of Britain’s new nuclear power r stations, 
in which large quantities of steel tubes and manipulated 
pipework are required. 


Contracts in hand include material to be supplied to all 
nuclear power stations now under construction. 


Stewarts and Lloyds design, manufacture and_ install 
pipew ork for all types of Re plants. 


STEWARTS AND LLOYDS 


LIMITED 
GLASGOW - BIRMINGHAM - LONDON 
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“PAXOLIN” and “MICANITE” are in use in the 23 MW 
air cooled turbo-generators at Chapel Cross Nuclear 
Power Station — another example of our service to 
the electrical industry. 


‘MIcaNITE & INSULATORS CO., LTD., 

| Lane, Walthamstow, London, E.17 

4 6500. Grams: “Mytilite”, Easphone, London 
“PAXOLIN”™ is a registered trade mark 
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NO 
WASTING 
TIME 
HERE 





...if you ever want to get 
at the inside ofa 
West Temperature Controller, 
it opens from the front... 
comes out in sections... 


[,2,3..SIMPLE 


West Instruments are models of simplicity. They've brought the 
principles of temperature control to a fine technical art... 
stability allied to constant accuracy. Of course, West's specialise 
in temperature controllers; about the biggest sales in U.S.A. 


What about after-sales service? 


No wasting time there. Just as they do from all the major 
American and Continental cities, West’s operate an organised 
system of regular calls throughout the country, to see that your 
temperature controller is always doing precisely what it was 
designed to do. 
MODEL JP GARDSMAN 

All components under-run for reliability. Corrects 

for thermal inertia, does not overshoot control points 

— unaffected by ambient temperatures — control 

unit simply unplugs for service or replacement. 


a2 


To: West Instruments Ltd., 52 Regent Street, Brighton 1 


Please ask your area representative to let me have 
full details of the West Instrument Controllers. 



































NAME POSITION ————___- 
COMPANY a 
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STEEL FOR NUCLEAR 
POWER PROJECTS 
WS US aS a 
SPEGIFICATIONS 


CHROMIUM METAL/LOW IN CO/ 
FERRO BORON/LOW IN MN/ 
MN- AND OTHER BORON 
ALLOYS - FERRO WNIOBIUM 
TANTALUM /HIGH NB: TA 


RATIO | NICKEL MOLYBDENUM 


RARE EARTH OXIDES 
VANADIUM METAL 
MANGANESE METAL 


ed de LL 


LONDON & SCANDINAVIAN 
METALLURGICAL CO LTD 


London S.W.19 


~AKTIEBOLAGET FERROLEGERINGAR ae 
Stockholm e 


RA RE RE i Re 5 Gi Beate 
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FEATURES 





RELIEF VALVE 


TYPE j0-35 


| 
w 

| 

5 





Flat seats on both nozzle and 
disc lapped to optical filat- 
ness ensure bubble tight 
shut-off and facilitate 
maintenance when required. 


Li 








—— 


Adjusting rings on both 
nozzle and guide ensure 
positive opening and closing 
and give optimum control 
over lift and maintain blow 
down to within 3 to 5%. 


—, 








pete Y 


Hardened stainless steel pad 
and ball spindle point at 
lowest point of disc for 
accurate alignment. 


— Fully circumferentially 
guided disc always ensures 
ih positive parallel action. 





Standard materials — steel 

body, stainless steel trim: 

ee nozzle, disc, guide, adjusting 
ae rings, spindle. Alternative 
is | materials available as 


specified. 








Inlet connection to valve is 
made on nozzle flange. Fluid 
in contact only with nozzle 
and disc when valve is 
closed. 





THE CROSBY VALVE AND ENGINEERING CO LTD 


CROSBY WORKS, EALING ROAD, WEMBLEY, MIDDLESEX, ENGLAND. TELE: ALPERTON 2311 


’ 





CHWR/!0 
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A Multi-point 
Indicator 


A Pneumatic 


The Controller 


Fielden 





OEGREES 


Resistance cones 
Thermometer 


meet ce eee 


Any of these indicators can be 
provided with a multi-way switch 
enabling the temperature at any 
one of a number of points to be 
examined as required. Standard 
switches for multi-point are 
supplied with up to twenty ways 
so that twenty temperatures can be 


Available with simple proportional 
checked with one instrument. 


control only or with proportional 
plus integral control as required. 
Complete schemes including 
control valves can be supplied 
and commissioned. 





For indicating, recording and controlling This 22 page booklet 
industrial temperatures between minus 200°C containing technical 
i : ’ details will be sent 

and plus 500°C, the versatile Fielden 
on request. Ask for 
Resistance Thermometer offers an outstanding Publication No. 209] FE. 


performance—at a very low capital cost. 

It is a Self Balancing instrument, of simple 
design, giving greater long term accuracy and 
reliability, with fewer maintenance and spares 
problems. Reduced thermal lag in the resistance 
bulb itself and electrical transmission 


ensures rapid response and gives better control. 





Leval indication 
control 
Micrcemeasurement 
Temperature 
indication, recording 
control. 









Pressure indication 
FIELDEN ELECTRONICS LTD,WYTHENSHAWE, MANCHESTER, Phone: Wythenshawe 3251 (5 lines) Grams: Humidity Manchester ¢¢ording control 


Instruments for 
ALSO AUSTRALIA ‘ITALY’ CANADA & U.S.A. _ Branch Offices: LONDON* WALSALL * STOCKTON-ON-TEES * EDINBURGH Textiles 
a4 
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Darlington 85% magnesia 
keeps that heat 
where it is useful 


Is the precious heat used in your plant leaking 
away through badly insulated pipes and furnaces 
— heat that now costs you more than ever before ? 
Keep the air temperature down and the working 
temperature up by applying Darlington 85%, 
Magnesia insulation; keep that heat just where it 
should be—working for you, not against you. 
Many British power stations, including the new 
atomic power station at Calder Hall, owe their 
high thermal efficiency to Darlington Insulation 
materials and engineering. If you have insulation 

problems contact our technical department 
first, they will give you as much help ei 


and advice as you need. 


The Chemical and Insulating Co. Ltd 


DARLINGTON, CO. DURHAM 
TELEPHONE DARLINGTON 3547 


MH3 
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(OLLOIDAL GRAPHITE 
IN electronic 
and allied fields 


Coatings or films formed with this versatile product are, for 
practical purposes, chemically and physically inert; 
they can be used in close proximity to radio-active material 















and are transparent to radio-active 
emanations. The many applications 
for ‘dag’ colloidal graphite include 


the lubrication of reactor control 


ot Ee 


mechanisms, louvres and sliding 
surfaces; the treatment of screw 


threads to prevent seizure, 


ao ee vey 


dry film and high temperature 


lubrication for I/c engines, air 


AL Waele 


compressors, pumps, reduction 


gears, and for ball 


ee 


roller or plain bearings 
under conditions of 


high load, stress or speed 


An Acheson service engineer 
will be pleased to call 
on you, or technical leaflets 
will be sent on request. 


da 


REGD TRADE MARK 





PERV OIDWOAMAA A Levy 
wae ALAC EO RPT DDA 4s 





ACHESON COLLOIDS LIMITED 


(A subsidiary of Acheson Industries (Europe) Ltd.) 


PRINCE ROCK 


PLYMOUTH 3 DEVON 
Tel. No. Plymouth 66351 


Telegraphic Address: ‘* Oildag ** Plymouth 
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Intellectual marathon 


This has probably been the hardest-ever 
NUCLEAR POWER to produce although the 
Editorial Department say this regularly 
every month as the final pages are passed 
for press. To begin with, the United Nations 
inconsiderately arranged their 2nd Geneva 
Conference without any reference to us 
and we must say they couldn’t have picked 
a more unfortunate fortnight as far as 
we're concerned! A fortnight earlier—or 
even a week—and it would have been easy; 
a week later and it would have been im- 
possible to do much about the conference 
in this issue. 


However, our publication date being 12 
days after the close of the Conference, we 
believed our readers would be interested 
to know—and in fact have a right to 
know—something of what went on during 
this intellectual marathon. Thus we had to 
make some very special arrangements to 
cover it. 


First we divided up the agenda into sec- 
tions which we thought would be of most 
immediate interest to most of our readers 
and commissioned a team of experts to 
write special reports on these aspects. Their 
job was very difficult as, owing to the short 
time available, they had to obtain in 
advance such papers as were available in 
England and do most of their writing be- 
fore they left for Geneva. Many papers 
were only available at the Conference and 
to take them into account meant hurried 
writing between sessions and a rush to 
catch the post back to London where our 
sub-editors were waiting to fit these odd 
bits into already-written articles. Some con- 
tributions were even taken down on tape 
which was then transcribed and edited. 


The result of all this furious activity can be 
seen in the pages that follow. We’re mak- 
ing no excuses but it should be realized 
that even with all the time in the world 
the physical limitations of a single issue 
of a magazine can do little with a two 
week conference of 2500 papers beyond 
highlighting the more important or specta- 
cular developments, indicating trends of 
progress and giving the general flavour of 
the proceedings. This we hope we’ve done. 
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APL greases passet 








: 


diation broke up the gel structure of conven- 
pnal greases. They lost their lubricating proper- 
ss, turned fluid or granulated. Completely new 
nds of greases were needed by the atomic power 
dustry for the bearings situated within the 
diation field. 

The Shell Group started working out radiation- 
sistant APL greases whilst most nuclear power 
ations were still on the drawing-board, and the 
search that went into them is characteristic of 

way Shell set about doing things. 

A team of research workers was assembled at 
hell’s Research Centre at Thornton. After four 
ears of research and testing — both at Thornton and 
A.E.R.E. Harwell— APL greases were ready for 


TRIUMPHS OF SHELL RESEARCH...2 


their finals in June... 


and sunk into the B.E.P.O. pile. There it was not 
only subjected to mechanical working and high tem- 
peratures in CO,, but also to an integrated pile 
dosage of 2.7 x 1018 thermal N. per sq. cm. plus asso- 
ciated radiation. APL greases sailed through their 
finals—and Shell are proud of it. They should be. 
For with these greases, Shell completed Britain’s 
first range of Atomic Power Lubricants. 

The moral of the APL story is that Shell re- 
search is supremely applicational. The Centre at 
Thornton is always ready to work with even the 
most specialised sectors of industry to produce the 
right lubricant for the job. If you and your organi- 
sation have any major lubrication problem, it will 
pay you to get in touch with vour local distributor 


tir finals. A sample was packed into a bearing of Shell Industrial Lubricants. 


The Research Story 


Naturally a whole variety of greases were investigated. Conven- 
tional metallic soap greases were affected even by relatively low 
levels of radiation. Other greases based on synthetic and non- 
petroleum materials were examined and found to be equally un- 
stable. Some of them softened appreciably and became tacky, 
whilst others hardened. 

The Shell APL 700 series of greases are specially processed 
with an inorganic gelling agent, the base lubricant used being 
similar to the APL oils previously proved highly resistant to 
radiation. There were three series of tests. First tests were prelimi- 
nary radiation tests at Harwell. Then the greases were tested for 
their lubricating qualities in a high temperature (400°F) pressurised 
CO, anti-friction bearing rig turning at 1,500 r.p.m. For the final 
tests in June, actual working conditions were simulated at Harwell. 








ATOMIC POWER LUBRICANTS 


another proof of Shell leadership in lubrication 
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CHAMBER PNI. 1026 FILLING: HYDROGEN 225 cm Hg CHAMBER PNI. 1026 FILLING HYDROGEN 75cm Hg 





These two new units which nave been specially designed 
for operation at | t vtures arenowreadily PLESSEY NUCLEONICS LIMITED 
available. Designers and Sestuee desiring further 
information should write for Data Sheet No. PNL 101, Weedon Road, Northampton. Tel: Northampton 4966 


OTHER PLESSEY NUCLEONICS One of tne| Plessey Group of Companies 
ACTIVITIES INCLUDE: 
Burst Fuel element detectors, Overseas Sales Organisation: 

flux scanning systems, health instrumentation ‘ alas 
including reactor effluent monitoring /¢88ey International Limited, 
systems, pulse amplifiers, DC amplifiers, Ilford, Essex, England 
ratemeters, reactivity meters, installed 
test equipment and power units. 


Type PNI 
1026 
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LETTERS TO NUCLEAR POWER 





Pack.ged reactors wanted here 


SiR: Just lately every issue of your excellent publi- 
cation seems to have news and sometimes pictures of 
research reactors being ordered or going into opera- 
tion in countries all over the world. However nearly 
all of these seem to be American and I wonder if 
British manufacturers are sufficiently alive to the very 
great possibilities in this direction. 

[ know that two British companies have had con- 
siderable success in this field but both the MERLIN 
and the DIDO tribe of reactors are enormously expen- 
sive and sophisticated appliances that are within the 
reach only of Government agencies cr very wealthy 
foundations. The success of the American manufac- 
turers in marketing and selling simple and safe 
zero-energy reactors suitable for universities and tech- 
nical institutions has shown I believe without question 
that a considerable and widespread demand exists. 

In the quite near future, no university engineering 
laboratory will be complete without a simple reactor 
on which the elements of operation and control can 
be demonstrated. They will in my opinion be eventu- 
ally just as important as the boiler, diesel engine or 
wind-tunnel have been up till now. 

Southampton S. H. BRIGGS 


We would certainly agree that there is a serious gap 
here. Several British firms are quite prepared to build 
a research reactor if required but this is in no way the 
same as having standardized, packaged units on the 
shelf. It has just been announced incidentally that the 
Hawker Siddeley group are to supply the Argonne 
ARGONAUT educational reactor built here under licence. 
This is certainly a step forward but it would be good 
to see a purely British model on the market. Ed. 


Check-up on radioactivity 


SIR: I was astonished to read (Worldview Sept p 399) 
that in the United States, of organizations engaged 
with radioactive substances only 56 pe passed an in- 
spection completely satisfactorily. Has any similar 
inspection been carried out in Britain and if so what 
was the result? 

Karachi, Pakistan K, SHUJAUDDIN 


Actually the picture is not quite as bad as we might 
have suggested in the short space we gave the story. 
Firstly, only 26 pc of all licensed users of radioactive 
materials were in fact inspected and of these 44 pc 
were guilty of some non-compliance with the law. 
The great majority of these infringements were how- 
ever of a very minor and non-dangerous nature. As 
we reported, about 5 pc of the inspected sample re- 
vealed potential or actual radiation hazard but even 
among these many cases were of relatively minor 
deviations, 

In Britain things are very different since in the first 
place one does not need a licence or permission to 
possess radioactive substances. Thus it is virtually 
impossible to know who has them. Control of such 
materials is in theory regulated by the Radioactive 
Substances Act 1948 but so far no actual regulations 
have been made under this Act. Industrial users of 
course come under the various Factories Acts and in 
the event of an escape of radioactivity actions could 
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REACTION COATING SYSTEMS 


for Storage Tanks 
Pressure Tanks and 
Water Treatment Plant 
THE CORROSION SPECIALISTS 
ACALOR (1948) LTD. 
KELVIN WAY, CRAWLEY, SUSSEX. Tel. Crawley 1571 (3 lines) 

















REMOTE HANDLING EQUIPMENT 


FOR RADIOACTIVE AND TOXIC MATERIALS 


SAVAGE AND PARSONS LIMITED 
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e brought under the Common Law. There is a Min- 
stry of Health Code of Practice for use in hospitals 
tc and transport of isotopes is governed by regula- 
ions framed by the various organizations. Advice 
m these matters is given by the Radiological Protec- 
tion Service but this is in no way a licensing body in 
the way the US Atomic Energy Commission is. Ed. 


Radiation antidote 


SIR: Last month you published a short news item 
about some kind of injection developed as a radiation 
antidote by the Argonne National Laboratory in the 
United States. Could you please supply me with some 
more details. 

Berlin-Charlottenburg PAUL WOLF 


» The treatment was reported to the International Con- 
gress of Radiation Research on August 12 by Dr 
H. H. Vogel and D. L. Jordan of Argonne’s Biological 
and Medical Research Division. Both streptomycin and 
bone marrow injections were given to neutron-irra- 
diated mice and after 30 days less than 15 pc had died 
compared with 90-100 pc in a control group. Another 
radiation antidote reported at the same congress, by 
Dr D. G. Doherty of the Oak Ridge National Lab- 
oratory, is a compound known as S2-aminoethyliso- 
thiuronium bromide hydrobromide (AET). Extrapol- 
ating from animal results Doherty estimates that one 
gram of AET could reduce radiation damage to the 
human blood system from a 400 réntgen dose to about 
half. Such a dose could be expected to result in death 
within 30 days to about 50 pc of the subjects affected. 

Ed. 


Let Geneva flourish 


SIR: Your correspondent J. K. Rosenberg (Sir! Sept 
p A65) who is so anxious to abolish the Geneva 
Conference can obviously never have attended one. 
I admit and agree with him that any given partici- 
pant will be interested only in a certain proportion 
of the papers but I would not put it as low as 10 pc 
as he does. Owing to the system of parallel sessions 
this particular person need never be bored and will 
always have something to interest him. 

I personally find these Geneva Conferences a source 
of inspiration and I think most people who attend 
would agree on the value of the informal meetings and 
discussions that abound. 


There might be a case for more frequent—and 
shorter—conferences since three years’ work poured 
out in two weeks is rather a lot, but I think that if 
this course were adopted the Conference would cease 
to attract the calibre of paper that it does under the 
present system. 


Therefore I say let Geneva flourish and let us take 
our medicine in large, but not too frequent doses. 
London MESON 


>» This controversial question is reviewed in this month's 
leading article on p A63. Ed. 
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PRECIOUS METALS 
FOR ATOMIC ENERGY 


by 


(ENGELHARD INDUSTRIES LT2.) 








Fabricators of the precious metals and manufac- 
turers of associated specialist equipment for Atomic 
Energy applications including: 


Catalytic recombination units—O, + D, and 
O. + Az. 


Heavy water exchange catalysts. 

Gas purification equipment. 

Oxygen and Hydrogen measuring equipment. 
Dissolved oxygen recorders. 


High temperature Precious Metal Thermo- 
couples. 


Platinum crucibles and laboratory ware. 
Special electrical contacts. 

Palladium diffusion tubes. 

Specially fabricated items using Platinum, 


Palladium, Rhodium, Iridium, Osmium, 
Ruthenium, Gold, Silver and their alloys. 


The above products, manufactured by us in the 
U.K., were exhibited together with Fuel Elements, 
Rare Earth Control Rods and Uranium Scrap 
Refining facilities offered by our associates, 
ENGELHARD INDUSTRIES INC., at the Atoms 
for Peace Exhibition, Geneva. 





(ENGELHARD /NOUSTRIES L7TL.) 





BAKER PLATINUM DIVISION 
52 HIGH HOLBORN LONDON -: W.C.1 
Telephone : CHAncery 8711 Telegrams: Platmetals, London Telex 


PARIS, BRUSSELS, COPENH AGEN, ROME, MILAN.ZURICH, TORONTO 
MONTREAL, MELBOURNE, JOHANNESBURG, TOKYO, BOGOTA 
NEWARK (New Jersey) and associated offices throughout U.S.A. 
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An experimental high temperature 
Aqueous Corrosion Loop built by Cravens 
Ltd. for the United Kingdom Atomic 
Energy Authority's establishment at 
Harwell 


* 


JOHN BROWN & COMPANY LIMITED 


4, THE SANCTUARY, WESTMINSTER, S.W.1 





The Nuclear Division provides a central co-ordinating 
design and contracting facility backed by the development, 
manufacturing resources and experience of a group of 
companies, each one of which is in the fore-front of its 
own particular field of engineering. 


The extent of the service embraces the design of a project 
from its initial conception to the final site construction 
and commissioning of plant. 





The provision, within the Groups, of 
equipment for lifting the heaviest of 
loads into position is illustrated here by 


the erection of one of the heat 
exchangers at Calder Hall by 
Constructors John Brown Ltd. 








Thermo-couple shield plugs, for Nuclear 
reactors, being made at Cravens Ltd., 
Sheffield. 


Control panel for a U.K. A. EA. 
establishment 


MAIN COMPANIES IN THE GROUP 
John Brown & Co. (Clydebank) Ltd 
John Brown Land Boilers Ltd 
Constructors John Brown Ltd. 
Markham & Co. Ltd . 
Cravens Ltd Load/Unload Flask constructed by Telephone: ABBey 7151 


Firth Brown Tools Ltd Cravens Ltd. Photo by courtesy of the 
Australian Atomic Energy Commission. 
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A Pilea for Devolution 


Evaluated purely in terms of words, man- 
hours and money, the 1958 Geneva Confer- 
ence certainly put the 1955 affair in the 
shade, but if it was altogether brighter, big- 
ger and brasher it somehow never quite 
recaptured the spirit of the earlier confer- 
ence. The main reason for this is of course 
not far to seek. Until September 1955 nearly 
everything in atomic energy was classified 
and on the sudden removal of much of the 
restrictions almost anything appeared to be 
startlingly novel or even sensational. Now 
we have become so pressurized by events 
and the sheer glamour of Geneva that a 
mere advance is not enough: we have to 
have breakthroughs or nothing. This is not 
good for science. 


True enough, the standard of the papers 
was extraordinarily high but there was ample 
evidence to suggest that much of the work 
was not strictly new and had been ‘saved 
up’ for this important occasion. This not 
only made the Conference unbelievably 
cumbersome; it amounts to a new kind of 
classification which has already led to peri- 
odical ‘rush hours’ of information releases 
in which everyone gets in everyone else’s 
way. What is obviously wanted is some kind 
of ‘ staggering’ so that people can go about 
their business in an orderly way instead of 
being trampled underfoot. 


Whether this scientific triennale is to re- 
main with us as a permanent kind of intel- 
lectual Olympiad remains to be seen. Cer- 
tainly President Ejisenhower’s idea has 
accomplished much already. Was it not the 
1955 Geneva that declassified peaceful fission 
and 1958 that finally unshackled fusion? 
But having brought off these two feats 
would another conference on the same lines 
have anything further to achieve? 
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By all means let us have international 
conferences—they are invaluable for the per- 
sonal contacts alone—but let them be more 
specialized now that atomic energy is out 
of its infancy. The obvious body to take 
over responsibility for this important work 
is the International Atomic Energy Agency 
and it ought straight away—during its 
Second General Conference—to get down to 
the idea of a whole series of sectional con- 
ferences on the many aspects involved. 


Clearly the thing of the moment is ther- 
monuclear and while the work is in its pre- 
sent very difficult phase a yearly conference 
would not be too frequent. This could be 
held in the various countries working on 
the problem and delegates would then be 
able to visit laboratories and see things for 
themselves instead of relying on rather 
doubtful models. For example next year a 
meeting could well be organized in the USA 
or the USSR—in both these countries im- 
portant results should become available 
during the next six months or so. 


Such a departure from the original Geneva 
idea is in fact already happening. Last year’s 
Paris UNESCO conference largely ‘scooped’ 
the Geneva isotope sessions and this year 
there were comparatively few papers on 
instrumentation because of the Paris meet- 
ing of specialists which followed the next 
week. 


Atoms for Peace was, and is, a noble idea 
and in putting forward this plea for devolu- 
tion we are not in any way denigrating it. 
The whole field is however now so vast that, 
if only out of consideration for the citizens 
of Geneva and the staff of the United 
Nations, we should consider new and better 
ways of developing it. 
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An increasing number of manufacturers of 
plant are using components cast by pre- 
cision methods. In many instances, com- 
ponents previously machined from the 
solid are being produced as castings with 
marked economies. 


Intricate designs may be cast in stainless 
and many other steels to close tolerances, 
with good surface finish and freedom from 
porosity. Machining allowances are drastic- 
ally reduced, and often eliminated. 


Reduce your manufacturing costs and expe- 
dite production by high quality ‘SOCAST’ 
steel castings, which will withstand high 
pressures and avoid many repairs and rec- 
tifications in the machine shop. 


FINE STEEL MAKERS ~- STEEL FOUNDERS 
ENGINEERS’ TOOL MAKERS 


SAMUEL OSBORN & CO., LIMITED 
CLYDE STEEL WORKS’ SHEFFIELD 
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UK firm cuts heavy water costs 


The announcement by Constructors-John 
Brown that they have developed a 
method of producing heavy water at 
£7-7/Ib has excited considerable interest 
among countries who would like to be 
able to manufacture their own supplies. 
Hitherto the US, selling at £10/lb mainly 
as a result of large scale production, has 
made it uneconomic for anyone else 
to compete. Another consequence of a 
cheaper process could be to make the 
UK’s proposed second string—the heavy 
water moderated gas-cooled reactor— 
more attractive. Studies have shown that 
even at the US price for heavy water 
this could produce power as cheaply as 
the graphite moderated type. 

CJB’s method, which uses extraction 
of heavy hydrogen from ammonia syn- 
thesis gas by ammonia exchange, has 
been known in broad principle for some 
time, but its research department has 
developed a new route and the company 
has come out with a more or less com- 
plete blueprint for a plant producing 
28 tons a year as a by-product to a fac- 
tory making nitrogen for fertilizers. 
Capital costs are given as about £80,000 
per tonne of heavy water production a 
year, and about £2 per lb covers operat- 
ing costs in most locations. With allow- 
ances for depreciation and interest on 
capital at the public utility level of 15 
pe the heavy water could be sold at 
£7:7 a lb. This project would be linked 
with a factor; producing about 160,000 
tons a year of ammonia synthesis gas 
and a country starting from scratch and 
building both plants would have to lay 
out £M20—30. 

The extraction of deuterium from 
ammonia synthesis gas and the first stage 
of concentration to 23 times natural 
would be accomplished by the ammonia- 
hydrogen exchange process. Further 
concentration by ammonia distillation 
follows and the deuterium is finally puri- 
fied by distillation of water. According 
to CJB the heavy water plant could be 
Operated by a staff of sixteen men and 
their design shows that it would cover 
an area of 60,000 sq ft. 


Iron shot knocked out Calder set 
The overspeeding and ultimate disin- 
tegration of the turboalternator in Calder 
Hall B station (Worldview August) was 
caused by fragments of chilled iron shot 
which found their way into the steam 
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system; result was a coincident failure 
of two valves to function automatically. 
In their report the Board of Enquiry say 
they have been unable to ascertain ‘ fully’ 
how shot came to be in the steam sys- 
tem but they feel ‘ bound to recommend ’” 
that extra precautions should be taken 
in future to ensure that hard materials— 
where these are known to be used—do 
not enter or remain in the system. 


In a reconstruction of the accident the 
Board established that at approximately 
7.40 in the evening the foreman in 
charge of reactor No 3, which was pro- 
viding steam for No 5 turbogenerator, 
received indications on his reactor in- 
struments which suggested that it might 
be desirable for the reactor to be shut 
down. At about 7.59 p.m. he warned 
the electrical control room that this 
might be necessary. At about 8.03 p.m., 
in accordance with his standing instruc- 
tions, he shut the reactor down by press- 
ing the shut-down button. He told the 
board that as the last control rod went 
home, he heard the noise of the turbo- 
generator disintegrating. 

The Authority turbine driver’s first 
knowledge that conditions were other 
than normal was when he heard the 
speed of the machine increase. He at- 
tempted to stop it by employing manual 
control but it became clear that the 
machine was overspeeding and beyond 
control. The set vibrated violently, flames 
came from the generator and it finally 
broke up. 


Fusion: out in the open now 


The day before the Geneva Conference 
opened officially Sir John Cockcroft and 
Lewis L. Strauss, former USAEC chair- 
man and now special assistant to Presi- 
dent Eisenhower on atomic affairs, an- 
nounced that both countries had com- 
pletely declassified their programme on 
controlled thermonuclear work. 

The practical importance of this 
should not be overestimated, for workers 
in both countries have had full access to 
each other’s findings since 1956. It will 
however be of great benefit to scientists 
in other countries, who will now be 
able to share in US/UK experience. 
Later, it was announced by Sir John 
that British thermonuclear work is to be 
transferred to the new Atomic Energy 
Establishment at Winfrith Heath, Dor- 
set. This will however not take place 





until 1961-63 and it is unlikely that 
ZETA will be moved, for by then it 
is probable it will have been super- 
seded by more advanced machines and 
largely outlived its usefulness. The 
ZETA-II machine, which is still on the 
drawing board, will however be built at 
Winfrith. 

This move probably means that the 
aim is to make the Dorset centre a 
completely declassified establishment— 
which would of course ease administra- 
tion. 


CUBA 
UK-US team to build a power BWR 


A nuclear power plant incorporating a 
22 MWe boiling water reactor is to be 
built at Santa Lucia, west of Havana, by 








FRANCE At the Chinon site of the 
first commercial power reactor, EDF-1, 
the bottom dome of the pressure vessel 
is hoisted up over the already complete 
biological shield. The heat exchanger block 
is behind in this view and the entire plant 
will later be enclosed in a spherical pres- 
sure shell. The turbine on the contrary 
will be completely in the open 
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INDIA Under construction at the Atomic Energy Centre, Bombay is the Canada- 

India Research reactor, built as a joint project under the Colombo Plan. The CIR is 

a much modified version of the NRX which has been in operation at Chalk River 

since 1947. It uses natural uranium, moderated with heavy water and cooled by light 
water. Completion is expected before the end of 1959 








the international group Mitchell Engin- 
eering (UK)—American Machine and 
Foundry Company—General Nuclear 
Engineering of Florida. The reactor will 
be a dual cycle Bwr with oil fired super- 
heating, and Gordon Jackson; manager 
of Mitchell’s nuclear department, dis- 
closed to NUCLEAR POWER that they 
hope to start work on site in October. 
The British company will be responsible 
for most of the construction, excluding 
the core and control system, Fuel ele- 
ments will be made by AMF. 

The plant forms part of a £M54 elec- 
trification scheme by BANDES, the 
National Bank for Social and Economic 
Development, and an extensive investi- 
gation made by the Bank shows that not 
only will a nuclear reactor be suitable, 
but it will produce electricity more 
cheaply than conventional plant right 
away and bring down the prevailing 
power costs. The area has no natural 
energy sources and the lack of cheap 
power has held back exploitation of its 
mining and agricultural potentialities. 
Projects which will be aided by the new 
station include a sulphuric acid plant, 
expansion of copper mining and an ore 
smelting installation; to meet the de- 
mands of these construction of the 
nuclear plant must be finished by early 
1961. 

Cuba is the second country to buy an 
American type power reactor and the 
previous order—by Western Germany— 
was also for a BwrR. The same group 
was strongly in the running for the con- 
tract, and actually received a letter of 
intent, but negotiations foundered on the 
question of guarantees for safe working: 
the German plant is now being supplied 
by the US General Electric Company, 
which unlike the AMF-Mitchell-GNE 
group has actually built a BwR—at 
Vallecitos. This has been working for 
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some time. The group also missed out 
on the 22 MWe plant for the Elk River 
scheme in the US, and the Cuban reac- 
tor will be its first. 


FRANCE 
Going it alone on diffusion 


A gaseous diffusion plant. for separation 
of U-235 has now definitely been decided 
on and an initial budget appropriation 
of 25,000 million francs has been already 
allotted to get the work started. This was 
disclosed by the French delegation to 
the Geneva Conference which further- 
more presented six papers on the sub- 
ject. This action aroused some friction 
with the UK and US delegations and 
Sir John Cockcroft said he did not think 
the French should have made these dis- 
closures. 

As is well known, the Commissariat a 
[Energie Atomique has been going it 
alone for some years on diffusion studies 
and it is now revealed that a private 
company, with the pleasantly vague title 
of Société de Recherches et Techniques 
Industrielles (SRTI) has been founded 
for developing the process on an indus- 
trial scale. By the beginning of 1957 
work had got to the stage where a pilot 
plant could be planned and this is now 
under construction. 

A great deal of work has been carried 
out on porous diaphragms and in parti- 
cular aluminium, nickel and teflon has 
been studied. Pore dimensions must be 
of the order of 1/100 micron with a very 
high density of pores. The barrier must 
also be extremely thin—of the order of 
1/10 mm and yet be able to withstand 
pressures of up to | atmosphere. Com- 
pressor design, too, has proved a most 
difficult problem. 

Just why France is so anxious to build 








a diffusion plant is still not as cle 
official statements would make out. The 
CEA say their U-235 is purely a up. 
plementary activity—‘a form of i sur. 
ance —to their main aim of pluto: um 
utilization but they do not say to hat 
degree of enrichment they are ai’ ‘ing 
at. If it turns out that full enrichme + is 
the objective it can only be conc! ded 
that military thoughts are not ent rely 
absent in this new development. 





ITALY————_— 
CNRN takes a TRIGA 


An above-ground version of US General 
Dynamic’s TRIGA reactor, known as 
Mark II, is to be bought by the Nationa! 
Committee of Nuclear Research for its 
School of Applied Physics and Nuclear 
Engineering at Rome. 

In a statement at the signing of the 
contract, Professor Ippolito, Secretary 
general of CNRN, said TRIGA was 
chosen after ‘exhaustive’ investigation 
and study of numerous other reactors on 
account of simplicity, versatility, and 
complete inherent safety. The reactor will 
be operated on a permanent basis at a 
power level of 30 kW with intermittent 
runs at 100 kW. 

A TRIGA was one of the four working 
American reactors on show at Geneva. 
One of the others—an Aerojet-Nucle- 
onics 201 reactor—has been bought by 
the Swiss National Fund for Scientific 
Research for installation in the Univer- 
sity of Geneva’s Institute of Physics. 
Fuelled with 20 pe enriched uranium 
dioxide dispersed in polythene and gra- 
phite moderated the reactor is now in 
mass production by Aerojet-Nucleonics 
at the rate of three a month. 


RUSSIA————— 
100 MWe reactor goes critical 


Almost casually, the leader of the Rus- 
sian delegation to Geneva, Professor 
Emelyanov, announced during the con- 
ference that the Russians were building 
a nuclear power station in Siberia and 
that one reactor—of 100 MWe capacity 
—had already gone critical on*September 
8. With five other identical reactors go- 
ing up, the plant is the largest under 
construction in the world. His disclos- 
ure was followed by a film showing the 
station and the surrounding town, which 
though new and—Professor Emelyanov 
assured questioners—unnamed, is already 
a fair size. He would give no further 
details beyond the fact that the reactors 
use natural-U. 

Another reactor which has recently 
gone into operation is the BRS, a 5 MWt 
experimental fast breeder which has 
been constructed on the site of the dis- 
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mant :d 2 MWt BR2 at the Ulyanovsk 
centr. on the Volga. Designed as a tran- 
sitio, stage between the mercury cooled 
pr2 .nd the projected 50 MWt power 
plant the sodium-cooled BNSO, it em- 
ploys sodium at a maximum temperature 
of S0O°C and has a neutron flux of 
1015. tt will give the Russians a chance 
to gel experience in working with a 
sodium coolant as well as offering faci- 
lities for testing of fuel elements etc for 
the bNSO, In paper 2129 it was stated 
that the core of BRS is fuelled with 
steel-canned sintered plutonium oxide 
elements contained in 80 hexagonal steel 
sub assemblies: total number of the 28 
cm by 5 cm dia fuel elements in the 
core is 1520. Shielding and control of 
the reactor differs little from the BrR2. 
It is not intended for electricity produc- 
tion and the two parallel cooling cir- 
cuits take the heat to the surrounding 
air and to a condenser via an air ex- 
changer and a boiler respectively. 


——— SWEDEN ————— 
Nuclear plans slashed 


The ADAM project for a 75 MW nuclear 
district heating plant at Vasteras has 
been abandoned and the proposed r-111— 
to be built ina new suburb of Stockholm 
by the State Power Board—is to be re- 
named R-111/ADAM. Both designs were for 
a natural uranium oxide pressurized 
heavy water reactor but R-I includes a 
back-pressure turbine for electricity pro- 
duction: output will be 15 MWe as well 
as 70 MW heat for about 12,000 subur- 
ban houses—though none will be per- 
mitted within 1 km of the reactor. 
ADAM, intended to be the first of half 
a dozen reactors for district heating by 
1965, was designed by ASEA, the big 
electro-mechanical group, under the 
supervision of the Atomic Energy Com- 
pany. Though both apaM and R-ll are 
stepping-stones only, with no_ preten- 
sions to being economic propositions, it 
is reported that the decision to drop 
ADAM results from a reappraisal which 
showed that costs—specially for the 
heavy water—would be greater than at 
first anticipated. At the same _ time, 
Sweden has a fairly urgent need for 
nuclear power. Gustav Cederwall, chair- 
man of the Atomic Energy Board, said 
recently that a continuation of present 
trends in the energy supply position 
could lead to a grave situation for the 
country’s balance of trade. It has no 
fossil fuels of its own and in spite of a 
large hydroelectricity scheme has to im- 
Port over two thirds of its energy needs. 
For this reason the Government is 
anxious to make early use of the 
country’s large uranium deposits and 
though ADAM has been dropped, the ob- 
jective for a 100 MWe nuclear power 








UNITED STATES Construction of Com- 
monwealth Edison’s 180 MW _ power sta- 
tion is six months ahead of schedule at 
Dresden, about 47 miles southwest of Chi- 
cago and it will be in operation by June 
1960 (above). The boiling water reactor is 
contained in a 190 ft sphere, sunk 40 ft 
into the ground. Part of the steam is 
direct from the reactor and non-conden- 
sable gases are removed by an air ejec- 
tor, filtered and sent to the 300 ft stack. 

About 35 miles from Detroit, on Lake 
Michigan, the Enrico Fermi Fast breeder 
power reactor (centre) is coming along 
fast and initial criticality trials are due 








to start in September 1960. It is designed 
to produce 100 MWe for Detroit Edison’s 
network but the turbine installed is a 
156 MW set, indicating confidence that 
this output will be exceeded eventually. 

Only 24 miles from New York City on 
the banks of the Hudson River Consoli- 
dated Edison’s Indian Point station (bot- 
tom) is due operating late in 1960. It will 
have a Westinghouse pressurized water 
reactor using mixed fully-enriched urania 
and natural thoria, and by means of an 
oil-fired superheater the total output will 
be 275 MWe. View shows construction of 
biological shield and tunnel to the river 
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plant by 1965 after gaining experience 
with R-1/ADAM—due critical in 1960— 
is still on. 


——UNITED STATES—— 
HRE-II runs regardless 


Undeterred by the leak which developed 
between the reactor core and blanket 
region when it was first brought to de- 
sign power of 5MWt (Worldview May), 
the operators of the homogeneous reac- 
tor No 2 have been running it since with 
fuel on both the core and blanket. 
Cause of the original leak has not 
been found, but Union Carbide, who 
operate the reactor for the AEC, are 
pleased with HrReE-l’s reliability under 
the new regime. During one trial it has 
produced over 1600 MW hours of heat 
at power levels up to 5 MW. At present 
about 3 MWt are produced in the core 
and 2 MWt in the blanket region; in 
the initial trial the figures were 5 MWt 
and 220 kWt respectively. Part of the 
heat is being used to generate 300 kW 
of electricity using the limited capacity 
of the HRE-I turbo-generator, the re- 
mainder being dissipated to the atmos- 
phere. 

The damaged core vessel will even- 
tually be replaced when the reactor has 
demonstrated its stability over a suffi- 
ciently long period. It was designed to 
hold the heavy water fuel solution of 
uranyl sulphate, with the surrounding 
blanket region containing heavy water 
as a reflector. 


Reactor burns Pu, produces 30 MWt 


Plutonium came of age as a fuel this 
month. Operating with a complete load- 
ing of 23 fuel plates consisting of alu- 
minium-plutonium alloy cores clad in 
aluminium the Atomic Energy Commis- 
sion’s Materials Testing Reactor at 
Idaho reached its full design power of 
30 MWt. The AEC reports that only 


minor design changes were required in 
the reactor, but some details of the fuel 
fabrication differed radically from pre- 
viously used techniques. The same 
methods—with the addition of gamma 
shielding—are being employed to make 
a set of U-233-containing fuel elements 
and these are to be used in the MTR as 
the next stage in the programme. 

The success of plutonium as enrich- 
ment for power reactors is dependent 
on the development of cheap reliable 
fuel elements and a considerable effort 
is being put into this at Hanford, Alloys 
of aluminium with plutonium are 
favoured because: (a) more fabrication 
and irradiation experience has been 
gathered with these than any other plu- 
tonium-containing fuel (b) there are 
several simplified fabrication and repro- 
cessing schemes which can be used and 
(c) they are known to be similar to alu- 
minium-uranium alloys, and advantage 
can be taken of the large amount of 
accumulated irradiation data. It is in- 
tended to use plutonium alloy as a spike 
enrichment loading for the Plutonium 
Recycle Test Reactor when it is com- 
pleted in 1960. It is manufactured both 
at Hanford, which now has eight units. 
and at Savannah River (five), and Con- 
gress this year voted for the construction 
of yet another at Hanford. 


Heavy water for hire 
A policy to lease heavy water for use 
in domestic or foreign research, medical 
or testing reactors has been been re- 
vealed by the Atomic Energy Commis- 
sion. Hitherto transactions have been 
almost entirely on a sale basis, but over- 
seas reactor operators will now be able 
to obtain the initial inventory required 
by a reactor—with a minimum quantity 
of one short ton—and pay 4 pc a year 
during the whole of the reactor’s useful 
life. 

For US research or medical reactors 





HUNGARY Work at the Budapest atomic research establishment is almost complete 

and the Soviet type WWR-Z reactor is due to go critical soon. The reactor is a 

tank type with a power of 2000 kW and a fiux of 2-10!5. It uses 10 pc-enriched 

oxide and is moderated and cooled by water. Building seen here is the laboratory 
block, the reactor being behind 
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heavy water will be offered for the 
licence period but a lease for te ting 
reactors will have to be renewed « very 
five years up to the duration of the p riod 
for which special nuclear materi: | js 
also leased. The AEC says the new p \licy 
is designed to encourage use and : eve- 
lopment of heavy water reactors. 


Borax-lV breeds U-233 


Uranium-233 has been’ bred sing 
thorium oxide and enriched fue in 
BORAX IV, the US Atomic Energy (om- 
mission’s boiling water reactor at the 
Idaho testing station. Announcing at 
Geneva that about 70 g have been pro. 
duced, Joseph M. Harrer, associate 
director of the Reactor Enginecring 
Division at Argonne National Labora. 
tory pointed out that this was the first 
time U-233 had been made by an elec. 
tricity generating nuclear power plant. He 
said that U-233 now contained in Borax 
1v has enough energy to supply electric 
power to the. 5000 people of the nearby 
town of Arco, Idaho, for a week. 


—INTERNATIONAL—— 
EAES picks new officers 


During the Geneva conference the Euro- 
pean Atomic Energy Society held a 
council meeting and elected Dr Harry 
Brynielsson, managing director of the 
Swedish Atomic Energy Company, as 
its new president. Retiring president is 
Sir John Cockcroft. Other new officers 
are vice-presidents Felice Ippolito (secre- 
tary general of the Italian National 
Committee for Nuclear Research) and 
Jose Navascues (chairman of the Junta 
de Energia Nuclear, Spain). 

EAES is an organization for the ex- 
change of information on nuclear work 
and has been going since 1954 but all 
that is known about it is that it does 
meet periodically: what is discussed and 
what decided are never disclosed 
Though unofficial, it functions at 
Authority level and its members are top 
executives of the national atomic energy 
agencies of 12 European countries— 
Belgium, Denmark, France, Germany, 
Holland, Italy, Norway, Portugal, Spain, 
Sweden, Switzerland and the United 
Kingdom. ; 


This was Geneva 58 


Here are a few statistics on the second 
world conference on the peaceful uses of 
atomic energy : 
Number of papers submitted 2135 
Number of papers orally 


presented 711 
Number of participants 6300 
Governments and agencies 
represented 78 
Tape of complete 

proceedings 21 million feet 


Volumes complete proceedings 
in English 33 
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IN BRIEF 


@ Bazil An umbrella-type agreement 
cover ng exchange of training facilities 
and | iformation on nuclear energy with 
Italy nas been signed in Rio de Janeiro. 
Brazi! is interested in the ENSI project 
and has opened negotiations for a simi- 


lar scheme with the world bank. 


@ Krance PROSERPINE, a tiny homo- 
geneous critical experiment with a core 
diameter of about 25 cm, has achieved 
criticality with only 258-1 g of pluto- 
nium, it was revealed at Geneva. 

@ Germany The first Van de Graaff 
particle accelerator in Europe to be used 


for food irradiation studies has been 
bought by the Technical University of 
Karlsruhe. 

@ Italy The contract for the construc- 


tion of a 200 MWe Calder Hall type 
reactor at Latina (see Worldview June) 
has been signed by representatives of 
the Societa Italiana Meridionale Energia 
Nucleare—SIMEA—and the UK Nuclear 
Power Plant Company. 


@ Portugal The first private company 
in Portugal dealing exclusively with 
nuclear engineering has been set up. 
Called the Companhia Portuguesa de 
Industrias Nucleares it is backed by 
twelve industrial companies, ten electri- 
city groups and three shipping agencies. 
Aims are to coordinate the activities of 
the associated entities and to offer the 
construction of complete nuclear power 
stations. 


@ Russia An agreement has_ been 
reached with Czechoslovakia covering 
the supply of an experimental reactor 
and cyclotron and the training of tech- 
nicians, states Professor Emelyanov, 
head of the Soviet Atomic Energy Cen- 
tral Administration, He says similar 
agreements have been concluded with 
China, Yugoslavia, the United Arab Re- 
public and five other countries. 


® Switzerland Atomic Energy of 
Canada is to supply eleven tons of 
natural uranium fuel elements for an 
experimental reactor and_ subcritical 
assembly. AEC has started manufacture 
and first elements will be ready in about 
six months. 


® CERN The first complete experiment 
with the 600 MeV synchrocyclotron has 
finally proved that a pion does in fact 
decay directly into an electron, announces 
Prof G. Bernardini of CERN. This was 
predicted as early as 1935 but failure to 
prove it has worried physicists. 


®@ United States A nuclear-powered air- 
craft engine has operated successfully for 
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SOVIET UNION The biggest thermo- 
nuclear machine in the world at the 
moment is the OGRA (above), seen under 
construction at the Moscow Institute of 
Atomic Energy. It is a magnetic bottle 
machine, or adiabatic trap, in which 
molecular deuterium ions are injected into 
the centre of the huge vacuum chamber. 
Here most of them become dissociated 
and remain trapped in the bottle. In ob- 
taining the extremely high vacuum nec- 
essary, titanium ion-getters are used. 
Another Russian thermonuclear machine 
is their ALPHA (below) which is almost 
identical with Harwell’s ZETA. 

The reactor model (left) is of a 50 
MWe sodium-cooled graphite moderated 
plant which is said to be planned for the 
testing area on the Volga near Ulyanovsk. 
It will produce steam at 1280 psi, 935°F 
with sodium pressure less than 113 psi 
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ten hours, though traces of radioactivity 
were detected in the air stream towards 
the end of the test, discloses General 
Electric’s nuclear propulsion depart- 
ment. The engine was a General Elec- 
tric J-47 turbo-jet. 


@ United States Over 3500 MW hours 
of electricity has been generated by the 
Sodium Reactor Experiment in Canoga 
Park, California, which has been operat- 
ing continuously at full design power of 
20 MWt since July 18. The reactor heat 
is being used by the Southern California 
Edison Company to generate and distri- 
bute electricity from its experimental 
plant adjacent to the reactor. 


@ United States A $50,000 award for 
‘meritorious contribution’ is to keep 
alive the memory of Dr Ernest Lawrence, 
inventor of the cyclotron, who at the 
time of his death last month, aged 57 
was director of the University of Cali- 
fornia’s Radiation Laboratory. 


@ United States The Argonne low 
power reactor (ALPR), a prototype pack- 
age power reactor for space heating and 
electricity production has gone critical. 
It is a direct cycle natural circulation 
BwrR fuelled with enriched-U and 
moderated with light water. Output is 
260 kW electricity and 400 kW for space 
heat. 
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by W. CALDWELL DAVIDSON 


Editor, NUCLEAR POWER 


Highlights of the Conference 


—some impressions of the power sessions 


NEVER HAVE SO MANY repre- 
sentatives, experts and observers been 
sent by so many nations to compare 
work and exchange views on any sub- 
ject. Thus spoke Francis Perrin, pre- 
sident of this vast assemblage, in his 
opening address on Sept 1, 1958. As 
a matter of fact there were so many 
participants and such a mountain of 
papers that they had scarcely time to 
discuss anything at all and, indeed, 
Professor Perrin, closing the confer- 
ence on Sept 13, said that many of 
the contributions should have been 
kept for more specialized audiences 
or published in the usual way. How- 
ever, we had a conference on our 
hands and the United Nations Secre- 
tariat under Dr Sigvard Eklund kept 
it running without a hitch. 


Classification ends 

It was a conference of few real 
surprises but one great achievement— 
the US/UK declassification of all con- 
trolled thermonuclear work. The Rus- 
sians were somewhat vague as to their 
future policy on this but Professor 
Emelyanov, the delegation leader, said 
that the papers in the five bound 
volumes which he presented to Dr 
Eklund, together with those before the 
Conference, represented their entire 
work on the subject to date, Thus one 
can say with a fair degree of cer- 
tainty that the entire field of civilian 
atomic energy—with one small area 
excepted—has now been cleared of 
barbed wire, subject-of course to the 
usual commercial considerations. The 
small area excepted leads into the 
military field and is that of gaseous 
diffusion. Even this is regarded as 
sacrosanct only by the US, the UK 
and the USSR. 

It seems now highly unlikely that 
another Conference will ever be held 
on exactly the same lines. Views were 
divided on what should take its place 
but everyone seemed agreed that there 
must be something. 
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From the reactor sessions it emerged 
as obvious that Britain and France 
are still the only two countries with 
national programmes’ of _ nuclear 
power station building. This is not 
because we are particularly clever or 
farsighted: it is just that this is the 
only way we can meet our power 
needs during the next decade, Other 
countries able to design and build 
nuclear plants—such as America and 
Russia—have no pressing need for 
them yet awhile and can afford ex- 
periments to find the type that suits 
them most. This they are far from 
doing but it worries them not at all. 

The reactor position in America was 
of course already well known but 
three papers in particular will go 
down as the most authoritative and 
useful summaries yet—Highlights of 
nuclear power development in the US 
(1076) by W. Kenneth Davies (ex 
AEC, now Bechtel Corp) and U. M. 
Staebler (AEC): Experience with US 
nuclear power reactors (1075) by 
Clark Goodman, Louis Roddis and 
Walter Zinn—all AEC ‘Old Boys’: 
and Norman Hilberry’s masterly sum- 
mary—Full scale power reactor pro- 
jects in the USA (2447)). From these 
papers it is clear that, no matter how 
difficult, the American engineer can 
take a scientists’s concept and make 
it work if required. The Americans 
can well afford to do this and in fact 
delight in doing it. But out of all this 
welter of reactor ideas two stand out 
head and shoulders—the pressurized 
and the boiling water reactors—as 
immediate propositions. 


Reactor studbook 

Shippingport has been criticized as 
producing the most expensive power 
in the world but this is quite irrele- 
vant. It was never intended to be any- 
thing else than a great laboratory and 
there is no doubt it is a smooth, safe 
plant which could easily father a 
whole brood of machines with con- 


siderable economic attractions—if not 
in the US then certainly in some 
countries. Apart from the small Army 
Package Power Reactor, which seems 
to have given every satisfaction (and 
of course the fabulous submarine 
PwrR’s—strictly off the agenda at this 
conference!) Shippingport’s immedi- 
ate descendants are Con Ed’s Indian 
Point N.Y. plant (275 MW total—112 
from an_ oil-fired superheater) and 
Yankee Atomic’s PwR at Rowe, Mass 
(134 MW). The interesting thing about 
Indian Point (Babcock & Wilcox) is 
that the fuel now contains thorium 
along with uranium in the form of 
mixed oxides in stainless clad pins, It 
is due critical late in 1960. Yankee 
(Westinghouse) is perhaps more like 
Shippingport than Indian Point. It is 
costing a lot more than originally 
estimated but the designers estimate 
14 mill power eventually. 


Upping EBWR still more 

One of the most significant papers 
in the whole conference however was 
one on the EBWR by Harrer and others 
from the Argonne (2379). This reactor 
is going to need watching—fer the 
direct cycle is an idea beautiful in its 
simplicity. As is now well known 
EBWR was Originally designed for about 
20 MWt and has now been run at well 
over 60 MWt with no modifications 
whatever. Alterations now in progress 
will take this up to 100 MWt and it 
is obvious that this is making non- 
sense of current economics. Harrer 
considers a commercial version of the 
boosted EBWR supplying a 33 MWe 
set (3 MW for house load) and con- 
cludes that the capital cost need be 
no more than $200/kW all-in, includ- 
ing a large proportion for the contain- 
ment shell. A complete fuel cycle has 
not yet been worked out but prelimin- 
ary estimates indicate a total sent-out 
cost of 8-43 to 9-12 mills. This, it will 
be noted, is only about -7—-75d. for 
a 30 MW plant! Whether a direct 
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cycle boiling reactor would be accept- 
able technically in the sort of place 
where it would be most needed is of 
cour.e another question, but last May 
there was a mishap with the EBWR 
turbine and it was possible to ship 
the :otor back to the maker’s works 
for reblading with no special precau- 
tions. Similar satisfactory experience 
with a small boiling reactor—the Val- 
lecitos of GE—was also reported. 


Now it’s superheating 

The first big BWR project (180 MW) 
to come into operation (end °59) will 
be GE’s Dresden, Illinois, plant for 
Commonwealth Edison. This uses a 
rather complicated dual pressure in- 
direct cycle with rod-type UO, ele- 
ments. It will be the largest nuclear 
power plant in the States built en- 
tirely with private finance and is said 
to be very attractive to the Italians at 
the present time. 

The big problem with all water- 
cooled reactors is of course the poor 
quality saturated steam. Indian Point 
side-steps the issue by cheating on 
oil-fired superheating but the next big 
advance in the field is likely to come 
about through nuclear superheating. 
This is not going to be easy because 
it really means two reactors in one 
but one firm at least—Allis Chalmers 
—are working on it and are seriously 
considering using it in the 66 MWe 
Controlled Recirculation Boiling Reac- 
tor (CRBR) they are to build at Sioux 
Falls, South Dakota. The Russians, in- 
cidentally, are actually building such 
a plant. It is probable that as develop- 
ment proceeds the differences between 
the PWR and the Bwr will largely dis- 
appear and a new kind of composite 
machine producing superheated steam 
will emerge. This could be a formid- 
able challenger. 

Almost every known type of reactor 
is under active consideration, if not 
actually working or under construc- 
tion in the United States and it is 
impossible even to mention them here. 
There may have been a recession but 
in this field at least there is little sign 
of it. Just because they haven’t got a 
target for so many megawatts by such 
and such a date doesn’t mean they 
don’t know where they’re going. 


Russian surprises 

When we turn to Russia the situa- 
tion is, curiously enough, rather simi- 
lar once the rather formidable-looking 
and appallingly translated papers have 
been sifted through. The key paper to 
this tangle is Emelyanov’s (2027) and 
we have tried to present this in sum- 
mary form. Curiously enough, he men- 
tioned nowhere the 600 MW six reac- 
tor station ‘somewhere in Siberia’ 
which, it was disclosed during the con- 
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ference, had already one reactor work- 
ing. Details of it are lacking but it 
seems it is fuelled with natural ura- 
nium and not to be confused with 
the * blown-up’” Obninsk 5 MW reac- 
tor station they are building ‘in the 
Urals.’ 

Even more than the US, the USSR 
doesn’t really need nuclear power yet, 
except in special areas, and this was 
made quite clear by Emelyanov. 
Nevertheless the Soviets have certainly 
a very ambitious programme and as 
far as one can judge their engineering 
is of a high order. One of the few 
real surprises of the Conference, for 
example, was the disclosure that the 
Lenin icebreaker—she is due for criti- 
cality trials next month and to go to 
sea in the spring—has actually three 
pressurized water reactors. Packing 
44,000 shp into her 1600 tons, Lenin 
is probably the most highly powered 
ship in the world and is designed to 
do 2 knots through ice 7 ft thick! It 
is probable that the Russians are mass 
producing these Pwr’s as submarine 
units. 

Perhaps the most significant Rus- 
sian power development is the propo- 
sal to use nuclear superheating in their 
big graphite-moderated plant now 
building in the Urals. This is a direct 


descendant of the 5 MW Obninsk re- 
actor which is now running with 70 
of its 128 channels boiling, and whose 
rather complicated fuel element has 
proved remarkably reliable. The new 
Urals plant is designed for a fuel cycle 
(1:3 pe enrichment) of 730 days and 
the fuel component of cost is estimated 
at 30-40 pc of the total. Actual unit 
costs are difficult to obtain but 
Emelyanov gave an expected figure of 
7 kopecks compared with 5-12 
kopecks for conventional power plant. 
Capital costs of nuclear stations would 
be 20-30 pc higher than conventional 
ones, he said. 


Canada’s new way 

The French effort, while in some 
ways similar to the British in that they 
are concentrating on natural uranium 
gas-cooling is rather more diversified 
in outlook, G-II, EDF-1 and EDF-II be- 
ing very different machines. G-II’s 
horizontal arrangement and _pre- 
stressed concrete shell in particular 
seem to have been completely aban- 
doned and, in fact, EDF-11 with its 70 
ft dia. spherical shell is beginning to 
look uncommonly like a British reac- 
tor, although the pressure—nearly 300 
psi—is very much higher. 

One of the highlights of the Con- 





Guide to Soviet Power Stations 





PLACE TYPE 


REACTORS 


STATUS NOTES 





Moscow Graph-mod 1 


5SMWe 1954 First atomic 


(Obninsk) H.O-cooled power station 
Voronezh PWR 2 210MWe const'n 3 turbines per 
reactor 
Leningrad PWR 2 210MWe const'n Similar to above 
Siberia Graph-mod 
H.O-cooled 6 100MWe Nol Natural U 
Sep’58 
Urals Graph-mod Development of 
(Beloyarsk) H.O-cooled 4 100MWe const'n Ist station with 
nuclear __ super- 
heating 
Volga Centre direct BWR 1 SO0OMWe const'n Similar elements 
(Ulyanovsk) to PWR 
Volga Centre SGR 1 50MWe planned 
Volga Centre Fast 1 50MWe planned Type BN-50 
(not chosen) Fast Il 250MWe planned Type BN-250 
(not given) Intermediate 1 SO0MWe const'n flux of 2 X 10” 
Moscow PWR 1 2MWe compl. mobile plant 
(Obninsk) ec’ 
V olga Centre Homogen. 1 35MWt~ const'n Oxide in D:O 
Boiling cycle 
Czechoslovakia CO.-D:O0 I 150MWe planned 3 150 MW sets 
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Liquid metal fuel and organic cooled types are also planned and consi- 
deration is being given to a transportable high-temperature, gas-cooled 
reactor with ceramic elements and nitrogen or hydrogen cooling. 
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A figure-eight stellarator 


by Princeton 





University, this demonstration model 


showed by a beam of electrons how a plasma is given a rotational transform to 
ensure stability. Later models achieve same effect by helical windings on a * race- 
track’ torus. Heating in a stellarator is achieved mainly by magnetic pumping 


ference was certainly W. B. Lewis's 
account of how Canada proposes to 
achieve 6 mill/kKWh nuclear power 
using a simple once-through fuel 
cycle with no value whatever placed 
on used fuel elements. Canada is now 
firmly wedded to the heavy water 
approach and, with oxide fuel and 
bidirectional fuelling in the horizon- 
tal pressure tube reactors of the NPD-1! 
type, this is believed to be the for- 
mula for success, It may well be, for 
Canada at least. 


Britain stays with gas 

Turning now to Britain, so much 
has been published on the first round 
power stations that, wisely, the papers 
on these were not read but merely 
tabled for the record. There were how- 
ever several excellent contributions— 
mostly from the Authority. Sir 
Leonard Owen, for example, covered 
some aspects of the Authority’s work 
during the last 10 years (30) while 
William Strath gave a very well argued 
account of our plans for the future 
(26). He made it pretty plain that the 
Authority have little intention of doing 
much about liquid-cooled reactors for 
civil use in the near future—except 
for a heavy-water gas-cooled project. 
On the subject of enriched fuel he was 
rather vague and although he admitted 
that some would be necessary he gave 
no indication of where it is to come 
from, or at what price. 

One thing that is going ahead is 
however the Advanced Gas Cooled 
reactor and R. V. Moore and col- 
leagues from Risley (312) gave first 
details of this machine, the prototype 
of which is to be built at Windscale. 
These are reported elsewhere in this 
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issue but this was only a small part 
of Moore’s paper which was a general 
review of British reactor rationale. 
Much the same ground, although with 
the sights lowered to cover what is 
actually going on now, was covered 
by J. B. W. Cunningham in his paper 
on the current redesigns of Calder 
Hall (73) in which he shows how the 
outputs and rating of the first round 
stations were increased so dramati- 
cally. 

Apart from Moore’s piece about the 
AGR however, the most interesting 
British reactor paper was undoubtedly 
the one on the High Temperature Gas 
Cooled Reactor (314) by Shepherd 
and others from Harwell, This is dis- 
closed as an extremely elegant and 
advanced concept for about 750°C, 
working with all-ceramic elements on 
the Th-232/U-233 breeding cycle 
cooled with helium. The 10 MW reac- 
tor experiment, which will probably 
be built as an OEEC joint effort, in- 
corporates the ingenious thermodyna- 
mic device of a free-running gas tur- 
bine/blower set, the heat rejected 
from the turbine going to a heat ex- 
changer for further utilization, 


Choice still wide 

If after the 1955 Conference the 
reactor situation looked confused it is 
certainly not one whit clearer today. 
Most of the machines described then 
were just projects: now many of them 
are working—and working well. It 
will obviously be many years before 
the field of economically attractive, 
practical systems is narrowed to ‘ nor- 
mal’ types. This is of course no bad 
thing and meanwhile invaluable ex- 
perience is being gained, not only on 


the reactors themselves but in the m |1- 
titude of ancillary technologies t a 
go with them. 

One striking feature of the nucl 
power situation is the extraordin 


- 


4 


y 
abundance of uranium now disclos d. 
Sir John Cockcroft, for example, in 
his conference summing-up put wo !d 
reserves in the order of 10 million 
tons in high grade deposits: sh. le 
and phosphate deposits being virtua |\y 
unlimited. The high-grade reserves “ir 
John estimated at equivalent in enery 


to four times the known coal reserves. 
‘We are likely,’ he went on, ‘to ha 
developed fusion power long bef< 
we run out of uranium.’ World price 
are foreseen as stabilizing at arounc 
$8 a pound of oxide (U,QO,). 
Non-military uses of nuclear explo- 
sions was the theme of a paper by 
H. Brown & G. W. Johnson of the 
UCRL (2179) and they were later 
backed up in this by Willard Libby. 
This concerned the US Plowshare pro- 
gramme under which it is proposed 
to carry out what Edward Teller des- 
cribes as * geographical engineering ° 
or the alteration of natural features 
on a grand scale. Libby’s main inter- 
est was that an underground explo- 
sion could produce, in an instant, a 
supply of isotopes which it would take 
an expensive reactor years to produce. 


a & O& 


The really big problem 

Apart from the opening session—a 
purely formal occasion—the _ best 
attended general session was the one 
on controlled thermonuclear fusion 
and excitement rose visibly as the time 
for the Soviet paper by Artsimovich 
came near, because few if any of the 
participants had seen it in advance. It 
came as a complete anticlimax—no, 
they had not done it yet. ‘It’ being 
the achievement of a genuine thermo- 
nuclear reaction; ‘they’ being the 
Russians. 

At this stage it is quite impossible 
to say which country is ‘ahead’ in 
this fascinating race. The Americans 
seem to have more machines than 
anyone else: the Russians have easily 
the largest and most powerful in OGRA 
but it’s brand new and hasnt had a 
chance yet. Although we were first in 
the field, British work has so far been 
on rather a narrow front. 


What it meant 

The above is merely a_ subjective 
impression of just a few of the topics 
covered by this great Conference. In 
other articles in this issue specialists 
have attempted what can only be re- 
garded as interim reports, simply 
answering the question ‘what hap- 
pened?’ What all these advances really 
mean will take time and close analysis 
and this we hope to do in due course. 
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by H. H. GOTT, E. F. O. MASTERS and G. C. SHIPP 


Central Electricity Generating Board 


Power reactors 


— advances reported from many countries 


THE PERIOD since the first Geneva 
conference has been marked by the 
coming into operation of a number of 
power plants of considerable size, and 
the operating experience now reported 
is extremely encouraging. Nuclear 
power economics now appear to have 
a surer foundation, although for 
detailed estimates of long-term costs 
of electricity from any specific in- 
stallation, we are still relying, to an 
extent which is unknown in conven- 
tional plants, on the confidence of 
designers, and on extrapolation of ex- 
perience of fuel burnup and reactor 
serviceability which, aithough  en- 
couraging, is not yet quite adequate 
for certainty. It could not be other- 
wise and in this respect the situation 
cannot change materially for some 
years. But the mood of the present 
conference differed somewhat from the 
first in that we are now discussing re- 
actors less in terms of optimism or 
pessimism and very much more in 
terms of hard work, and effort both 
reported and to come. 


GAS-COOLED REACTORS 

Calder Hall 

A detailed description (1522) was 
given of the methods of the start-up 
and control, and of the performance 
of plant components. Considering that 
Calder has to shut down for fuelling 
and that the fuel turnover is relatively 
extremely high, because of its pluton- 
ium production, the plant has a load 
factor history which is quite remark- 
ably good. It has been concluded that 
no Wigner energy release is at present 
necessary, but a drill for doing this 
has been worked out and tested. The 
plant operation has proved very 
Straightforward and the behaviour of 
the fuel and of the burst cartridge 
detection gear has been good. It was 
reported verbally that there have only 
been four or five cartridge failures 
altogether, and no contamination of 
the circuit had resulted. As burnup 
proceeds, the moderator temperature 
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coefficient becomes. positive, and 
although theoretically this is a most 
important point, in practice reactor 
control is little influenced. Detail diffi- 
culty has been experienced in adjust- 
ing the coolant flow and temperature 
in each channel and it is thought that 
a more elaborate thermocouple instal- 
lation would have been justified. The 
fuel charging machinery works rather 
more slowly than had been hoped, 
and some useful modifications and 
simplifications have been made. The 
reactor conditions are sensitive to the 
feed water conditions and improve- 
ments in feed water regulation are at 
present in hand. In response to a 
direct Russian question, Sir Leonard 
Owen stated that a very large number 
of fuel elements were allowed to re- 
main in the reactor for long periods, 
being removed gradually for examin- 
ation. There were at present some 
hundreds of cartridges which had 
reached 1300 MWD/te without trouble 
and detailed metallurgical examina- 
tion showed there is no reason to 
expect trouble before very much 
higher burnups. 


Two years of G-I 


The first reactor at Marcoule was 
built and commissioned very quickly 
at a time when information in France 
was very limited, and its performance 
has not reached expectations. This is 
mainly due to deficiencies in fuel 
element heat transfer which would be 
simple to rectify with a new charge 
of fuel if the pressure rise in the 
blowers would permit it (1132). Diffi- 
culty has been experienced in the fuel 
handling equipment, from which the 
authors give the following warning : — 

Also there is inherent difficulty in 
the adoption of devices which are too 
closely related to precision mechanics, 
not to say the watch-making industry. 

The design of G-11 (1133) which is 
now in operation, also shows lack of 
time for development—construction 


began before G-1 was completed. The 
pressure of the carbon dioxide is kept 
slightly above that of the steam in 
case of leaks in the exchanger, and 
G-1’s horizontal arrangement of fuel 
channels is retained. Widest departure 
from British practice is the use of 
prestressed concete lined with rela- 
tively thin steel for the pressure ves- 
sel to bypass the welding problems 
associated with thick plates. 


British commercial stations 

There are a number of papers deal- 
ing with the stations currently under 
construction — Berkeley, Bradwell, 
Hunterston and Hinkley Point—that 
need not be referred to in detail here. 
They cover problems of fuelling (37), 
kinetics and control (55), overall con- 
trol (85) and design philosophy (75, 
263, 264). The opportunity is taken, 
in some of these papers, to publish 
design parameters not hitherto re- 
ported. A further paper (73) from the 
AEA describes the Authority’s method 
of design assessment and discusses the 
various factors responsible for the 
great improvement in station -per- 
formance. 


French commercial stations 

The Chinon plant (EDF-1 and EDF-II, 
paper 1135) is designed as a full-scale 
industrial station for the generation of 
power and it is hoped that the EDF-I 
will be in service in mid-1959, with 
EDF-11 following 18 months later. 

The EDF-I core of 8-3 m active dia- 
meter (9°5 m overall) is 10-2 m in 
height and contains 1,148 channels in 
three zones. These three zones arise 





ZONE A B i 
Inside radius m 0 1:80 3-10 
Outside radius m 1:80 3-10 4-15 
Spacing cm 196 224 22-4 
Channel 

diameter cm 84 8-4 8-0 


Rod diameter cm 1-4-3-5 1-4-3-5 3-2 
No. of channels 256 412 480 
No. of slugs 3840 6180 7200 
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radius without absorber. The paci ng 
of uranium in the core centre flat -ns 
the flux which, given a limitation 
maximum permissible rating, lead: to 
an increase in the mean_ spe: fic 
rating and zone conversion factor ad 
for a given reactivity allows a lai ‘er 
flattened radius to be used. Theore ic- 
ally the available reactivity wo :ld 
allow 35 pc extra fuel per (ait 
volume, but 30 pc is actually usec to 
allow for uncertainties in the calcu- 
lations. Absorber will be used if found 
necessary. The advantages of this 
method of flattening are somewiiat 
reduced by the flux curve irregularity 
at the zone boundary. 

The natural uranium fuel is canned 
in magnesium alloy for a design maxi- 
mum can temperature of 400°C and 

iui —" Tis a uranium centre temperature of 

550°C. There are 17,220 elements. 
oI b The core is contained in a vertical 
cylindrical vessel with hemispherical 
ends fabricated from a manganese- 
molybdenum alloy steel similar to 
ASTM A302A. The main dimensions 
of this vessel are given below. 


ve 
=| 





Inside diameter 10 m 
Cylinder height 13-4 m 
Overall height 22-8 m 
Average shell thickness 107 mm 
Average thickness—top 59 mm 
Average thickness—bottom 54 mm 
Weight, including insulation 773 te 
Coolant gas pressure 356 psia 


The plant is designed on the unit 
system—one reactor, one main circu- 
lator, one main heat exchanger, one 
generator — but there are auxiliary 
safety cooling circuits. Since the plant 
generates 74-82 MWe according to 
conditions, this means that the single 
Advanced Gas Cooled Reactor. First view of Britain's new project shows plant circulator is of considerable size. It 
layout (above) and flowsheet (below). Note concentric gas duct and heat is a single-stage axial machine operat- 


exchanger. First contracts have been awarded. | Reactor vessel 2 Cool gas ing at a constant speed of 2980 rpm 
entering core 3 Fuel elements in core 4 Hot gas leaving reactor 5 Ducting 














6 Heat exchangers (4 off) 7 Co, circulator 8 Re-fuelling machine 9 Contain- with flow regulation by variable 
ment building 10 Fuel access tube through containment building 11 Carousel baffles. The design conditions are: 
12 Fuel element building 13 Air locks 14 Control room and turbine hall . 
: Flow rate 3350 Ib/s 
15 Economiser Bank 16 Evaporator bank 17 Superheater bank System pressure 358 psia 
Pressure rise 23 psi 
because two lattice pitches and two Outlet temperature 140°C 
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channel diameters are employed. In 
addition, two types of fuel rod are 
used, there being 15 rods per channel 
with each rod 60 cm in length. The 
main core parameters are shown in 
the table. 

It will be noticed that the inner two 
zones contain tubular elements, while 
the outer zone has solid rod elements. 
Zone A has a smaller lattice pitch, 
concentrating fuel in the centre of the 
core, and Zone C has a narrower 
channel, giving a higher local outlet 
gas temperature. The channel inlets 
are gagged to give design inlet and 
mixed outlet temperatures of 140°C 
and 355°C. 

The double lattice is employed in 
order to achieve a large flattened 


The circulator is driven by two asyn- 
chronous squirrel cage motors total- 
ling 9620 kW. 

The heat exchanger is of a multi- 
tube design, shop-fabricated, with 
both pressures of the dual cycle below 
the gas pressure to avoid water leak- 
age into the coolant. It generates 
steam at 313 psi/342°C and 57 psi 
215°C for a net turbine efficiency of 
about 20 pc. 

For safety reasons the whole of 
the reactor, heat exchanger and aux- 
iliary circuits are enclosed within a 
55 m diameter containment sphere, 
largely of 20/21 mm plate, with the 
reactor itself surrounded by a thermal 
shield of water (1 metre thick) and a 
concrete wall. 
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De. opment of fuel elements 


1otable feature of the British 
co ercial reactors under construc- 
tior. is the considerable increase in 
output compared with Calder Hall, 
wi may in part be attributed to 
the development of improved fuel 
elernents. This aspect of reactor design 
is obviously very important and it is 
interesting to find that a number of 
papers are devoted to this subject, 
giving significant disclosures of de- 
velopment work done by the indus- 
trial design groups. 


It is well known that in a gas- 
cooled reactor using ratings  suffi- 
ciently high for economy a large gas 
flow is required in each cooling chan- 
nel. Two approaches to this problem 
are disclosed in the fuel elements for 
the Bradwell and Hunterston stations 
whilst showing at the same time two 
quite different approaches to the prob- 
lems of mechanical support of the ele- 
ments. 


Development of the Bradwell ele- 
ment (48)—a polyzonal spiral type 
led to a design which is essentially a 
multistart helically finned can with 
longitudinal zoning splitters. Both ther- 
modynamic and mechanical aspects of 
the work are covered in the paper. 
In contrast, the Hunterston develop- 
ment (610) resulted in an indepen- 
dently supported element (carried in 
and supported by a graphite tube in- 
tegral with the element) with longi- 
tudinal fins and with the flow broken 
up by spiral mixers slotted over the 
basic fins. 





Of particular importance is the 
UKAEA approach (306) to assessment 
and testing of fuel element designs 
put forward for power reactors. It 
also deals with the proving of pro- 
duction techniques and non-destruc- 
tive testing methods. 


Future prospects 


There are several papers on this 
subject (1463, 273, 314) but only one 
needs to be mentioned at length here. 
Paper 312—Advances in the design 
of gas-cooled  graphite-moderated 
power reactors—sets down the lessons 
learned from Calder Hal! and then 
discusses the future of the system, 
dealing in particular with fuel cycles, 
slightly enriched reactors, use of 
oxide fuel and the development of 
high temperature operation. The ad- 
vanced gas-cooled reactor project (AGR) 
due for completion in 1961 is briefly 
described and its main parameters 
given, some of which are set out be- 
low. This will have CO, cooling and 
the first charge will be UO, canned in 
beryllium. 
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Examples of British fuel elements 

show two approaches to the same 

problem. GEC (above) use straight 

can fins, helical splitters: NPPCo 

(below) have twisted fins, straight 
splitters 


AGR MAIN PARAMETERS 


Reactor heat 100 MW 


Net output 28 MWe approx 
Core length (excluding 
reflector) 14 ft 
Core diameter (excluding 
reflector) 15 ft 
Channels 250 


Gas pressure (reactor inlet) 270 psig 
Gas temperature (reactor inlet) 250-325°C 


Bulk gas outlet temperature §00-575 °C 
Mean fuel rating 7:75 MW /te 
Maximum fuel rating 18-00 MW, te 
Steam conditions 620-670 ps.g/860°F 
Maximum can surface 

temperature 600°C 


This reactor is of special interest as 
it may be considered to have the same 
relationship to the next family of reac- 
tors built in the UK as has Calder 
Hall to the stations now under con- 
struction. 


HEAVY WATER REACTORS 

The several papers dealing with this 
subject (246, 209, 135, 559) allow a 
comparison to be made of the differ- 
ent approaches and it is instructive to 
compare the conclusions reached. 
Great attention is given in the designs 
to the safety of the surrounding area 
in the event of an accident and the 
accent is therefore on containment 
and ventilation, with plant halls main- 
tained slightly below atmospheric pres- 
sure so that leakage is inwards and 
controllable and with air-locks be- 
tween different sections of plant. 

The reactors under discussion— 
NPD-11 (Canada), Sulzer Project (Swit- 
zerland), R-111 (Sweden) and Halden 
(Norway)—are all experimental or 
pilot in nature. Because of this it is 
difficult to arrive at the likely cost of 
larger full scale reactor systems, but 
the Canadian paper puts forward esti- 
mates of costs for a 200 MWe station. 
The capital cost is given as $310/kW 





with a fuel cost, for an assumed burn- 
up of 7000/MWd/tonne of 2:2 mills 
per kWh. 


Canada 

NPD-II—the successor to the now 
abandoned pressure shell Npb-I—which 
is due for completion in 1961 may be 
looked upon as a natural development 
trom the satisfactory experience with 
the NRX research reactor. It is a 20 
MWe pressure tube design with hori- 
zontal aluminium calandria and was 
conceived as a pilot for 150-300 MW 
reactors. A significant innovation is 
the provision for on-load bidirectional 
fuelling. 


The Sulzer Project 

The Sulzer project is to be situa- 
ted in Ziirich and will yield 30 MWt 
for electricity generation or for use 
with an_ existing district heating 
scheme. It is a pressure tube design, in 
which the coolant and moderator 
(both heavy water) are separated by a 
pressure-carrying wall. The fuel (5 
tons) is predominantly natural ura- 
nium metal, and the core comprises 
88 elements on a square lattice, with 
9 control rods. 


The R-lll Reactor 

This reactor is a prototype for a 
commercial unit for district heating 
and electricity generation, It is not 
expected to be an economic proposi- 
tion and it is too early at this stage 
to say what the level of generating 
costs is likely to be. 

60-70 tons of heavy water comprise 
moderator, reflector and _ coolant, 
working at 35 atmospheres between 
the temperature of 205°C at the reac- 
tor inlet and 220°C at the outlet. This 
generates sufficient saturated steam at 
15 atmospheres to provide 10 MWe 
from a back pressure turbine and 55 
MWt for a district heating scheme. It 
is planned that finally this 65 MW will 
be increased to 125 MW and that an 
oil-fired superheater will be incorpor- 
ated. 

The fuel (15 tons of natural ura- 
nium) is in the form of oxide pellets 
sheathed in Zircaloy-2. The fuel ele- 
ment consists of 5 bundles of 18°4 
mm diameter rods, each bundle con- 
taining 19 rods with a minimum 
centre to centre spacing of 22 mm. 
There is provision for on-load fuel 
handling. 


The Halden Reactor 

This reactor differs from those men- 
tioned earlier in this section in that 
it is a boiling reactor. It will be purely 
experimental and will take no _ tur- 
bine load. The design output is 10 
MWt. 

Inside a reactor vessel of 2:7 m 
diameter is fitted a hexagonal lattice 
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Czechoslovakia is planning this Soviet-designed 150 MWe heavy-water gas-cooled 

power station. There are twelve gas circuits with 24 heat exchangers and four 

circuits supply each of the three turbogenerators. Ten percent of the moderator 

is evaporated and recondensed every 24 hours for clean up. Note water shield— 
a common feature in all Russian power reactors 


with 130 mm centres, giving 325 lat- 
tice points, of which 19 are reserved 
for cadmium control rods. This lattice 
can be changed and indeed the pres- 
sure vessel itself is so designed that it 
can be removed. 

The fuel is natural uranium metal 
(25 mm rod) in finned aluminium 
cans 2°4 m in length. The maximum 
temperature for these elements is 
150°C, because of corrosion prob- 
lems, but in any case it is thought 
that enrichment would be necessary 
to reach this temperature. 

Heavy steam is generated at 28-5 
kg/cm? and 230°C which in its con- 
denser raises light steam at 205°C and 
17°5 kg/cm?. The total amount of 
heavy water in the system is some 16 
tons. 

Theoretically this reactor should 
have a strong negative steam void co- 
efficient, but experiments have indi- 
cated that other, unknown, effects 
may be important. One of the first 
tasks of this reactor will be to provide 
the required information on the con- 
nection between steam voids in the 
boiling coolant and reactivity. It is 
hoped to commence these experiments 
in December 1958. 


ORGANIC MODERATED REACTORS 

While not a prototype for a power 
reactor, OMRE (421) is of particular 
interest as a full scale irradiation faci- 
lity for studying organic moderators. 

The elements are of plate-type 
stainless steel—uranium oxide con- 
struction, with a temperature limit of 
800°F, over which the moderator- 
coolant flows at a maximum velocity 
of 15 ft/sec (to minimize erosion) at 


474 


200 psia between inlet and outlet tem- 
peratures of 500°F and 517°F. The 
circulation rate is 9200 gpm. 

Early results with OMRE show the 
organic material has good chemical 
stability under irradiation and its low 
induced activity has allowed accessi- 
bility of the primary circuit for main- 
tenance even while the reactor is on 
full load. Further work is going ahead 
to enable an assessment of large reac- 
tor economics to be made. 


PRESSURIZED WATER REACTORS 

The Shippingport pwr (1075), has 
been operated satisfactorily since its 
start up in December 1957. It is in- 
teresting that from criticality to full 
power (60 MWe net) occupied three 
weeks only. 

This reactor has a multiple-region 
core, there being a ring seeded with 
enriched uranium which has natural 
uranium fuel both inside and outside 
it. This seed material can be dis- 
charged without removing the top of 
the pressure vessel, but it must of 
course be shut down. Start-up occu- 
pies 1 to 14 hours. 

In general, the Pwr is showing very 
good stability and handles large load 
changes without strain. To illustrate 
the point paper 2462 says: 

During preparation for shut down 
after a run and while the plant was 
still at 60 MW net output, condenser 
vacuum was lost. This causes the tur- 
bine to shut down automatically, but 
does not result in a reactor scram. As 
a result without any movement to 
control rods, the negative coefficient 
reduces the reactor output to essen- 
tially zero. The only significant effect 


on the plant was an increase in pr s- 
sure from 2000 to 2160 psi. This is 
below the set point of any reac or 
plant relief valves, therefore, no rei >f 
valve lifted during the transient. 

The primary circuit activity de 
down very quickly at shut down, 
a tolerable level and during the ope 
tion of several reactors of this ty 
no long life activities of uncomfo t 
able magnitudes have been observ: d. 
Long term experience with burnup is 
missing but there is every indication 
that a satisfactory life will be obtained. 

A new core is being manufactured 
for Shippingport and it is expected 
that this will enable the gross elcc- 
trical output to be increased to 1()) 
MW and, in addition, will improve 
the fuel lifetime considerably. 


b* OG 


The APPR-I 

Another American PWR described 
was the Army Package Power Reac- 
tor (1926) and it was reported that the 
load was cycled from 200 kW to 2100 
kW, i.e. from below 10 pc to rated 
full load, six times in 75 minutes. 
During the course of these load 
changes no adjustments were required 
to the control rod positions since the 
temperature coefficient effects main- 
tained the reactor power at the appro- 
priate level. 


Indian point 

An unusual feature of this plant 
(1885) is the use of an oil-fired super- 
heater to increase the plant output 
from 163 MWe to 275 MWe. The 
generation costs forecast are approxi- 
mately 1:5d/kWh with saturated steam 
and 1:16d/kWh_ with superheated 
steam. It is due operational late °60. 

The reactor core is an _ internal 
thorium converter, cooled and moder- 
ated by H.O. The fully enriched ura- 
nium oxide is mixed with the fertile 
material (thorium oxide) and formed 
into pellets which are clad in stain 
less steel tubing to form the fuel ele- 
ments. 

During the estimated core life of 
600 full-power days approximately 64 
kg of U-235 are burned as supple- 
mentary fuel, and 150 kg of U-233 
and 15 kg of Pa-233 remain in the 
spent core. 

The design assumes the following 
values for critical parameters: 

no local boiling in any channel at 
100 pc power 

no net boiling in any channel at 
125 pc power 

maximum fuel centre tempera 
ture not to exceed the melting 
temperature (5800°F) at 125 pc 
power. 

It is intended to use soluble poison 
to control the reactivity effect of tem- 
perature, as well as to provide an 
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ac. ional shut-down system. It is re- 
mc ed by dilution during the primary 
low » warmp-up period. The burnable 
che-acter of this poison provides a 
de: ee of compensation for depletion 
du:ing the core lifetime. 

he overall plant control is based 
on a constant turbine stop valve 
steam pressure rather than the more 
normal constant mean temperature 
control system. Variations in steam 
pressure will cause the control rods 
to vary reactor power in such a way 
as to re-establish datum steam pres- 
sure. 

BOILING WATER REACTORS 

These types have shown very satis- 
factory stability and under normal 
operation have a large margin against 
reactivity instability due to variation 
in moderator density. With direct 
cycle boiling it has been shown that 
during normal operation the radio- 
activity in the turbine is a minor and 
entirely management problem. But 
this has not yet been established when 
there are burst elements. 

Economics of direct systems is 
favourably influenced by the elimina- 
tion of part or all of the heat ex- 
changer, and details of experience with 
this cycle, together with an outline of 
important factors is given in papers 
1923 and 2372. A further major eco- 
nomic factor is the practical power 
density attainable without the onset 
of instabilities, and a method of de- 
termining stable power limits has been 
developed (2379) A further dyna- 
mic problem peculiar to the direct 
cycle BWR is the effect of changes in 
steam flow or pressure on the reactor 
stability since there is not the inter- 
posing thermal inertia of the heat ex- 
changer. 


The Dresden plant 

The big Bwr now building at Dres- 
den, Illinois (complete mid ’60) is the 
largest all-nuclear plant—180 MWe 
—yet scheduled in the USA. To be 
operated by the Commonwealth Edi- 
son Company, it is designed and built 
by the General Electric Company, and 
aspects of the design and expected 
performance are dealt with in paper 
2372 It is estimated that, excluding 
the cost of research (33 pe of the 
total), the energy from this station 
will cost about the same as power 
from the latest coal-fired plant on the 
Company’s system. 

Dresden is unusual in using a dual 
pressure steam system, the h.p. steam 
being taken direct from the drum fed 
with steam from the reactor vessel. 
The |.p. steam is obtained from a 
heat exchanger in which the feed is 
evaporated by heat transferred from 
the h.p. drum. 
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Planned jointly by a US/Belgian 
group, this 242 MWt boiling water 
reactor will produce saturated steam 
at 650° psi which will then be raised 
to 1050°F in an oil-fired superheater. 
1 Inside shielding plug 2 Core vessel 
support 3 Cooling water distribution 
ring 4 Core collar 5 Thermal shield 
support 6 Inner thermal shield 7 
Outer thermal shield 8 Tube of con- 
trol rod 9 Grid supporting assem- 
blies 10 Fuel assembly 11 Control 
rods 12 Main circulation inlet pipe 
13 Main circulation outlet pipe 14 
Steam outlet pipe 15 Water level 
pipe 16 Shock absorber plate 


Details of the main plant para- 
meters at rated load are: 


gross generator output 192 MW 
net sent out power 180 MW 
reactor heat rate 626 MW 
net plant heat rate 11,880 Btu/kWh 
reactor pressure 1015 psia 
primary steam pressure 990 psia 
secondary steam pressure 510 psia 
feed temperature 405°F 


In order to maintain water purity, 
s.s. Cladding is used on all surfaces in 
contact with the primary fluid. 

To maintain the high water purity 
necessary to reduce contamination 


throughout the primary steam system, 
including the turbine, three water 
treatment systems are used, The make- 
up water, drawn from deep wells, is 
treated in separate bed demineralizers 
with a decarbonator and in mixed 
bed, polishing demineralizers. The 
reactor clean-up passes a portion of 
the condensate through a mixed bed 
demineralizer. All the condensate fed 
to the reactor system primary steam 
drum is passed through a mixed bed 
demineralizer. 

In addition to the conventional 
scram by control rods, the reactor is 
provided with an emergency poison 
system which ensures shut-down in 
the event of failure of normal shut- 
down rods by injecting sodium penta- 
borate solution into the reactor core. 
These features coupled with complete 
plant containment make the design 
very Safe. 

The fuel is slightly enriched sintered 
UO, pellets in Zircaloy-2 tubing, 
operating at a maximum centre tem- 
perature of 4570°F. 

Heat transfer and other data of in- 
terest are: 
average heat flux 94,660 Btu/ft® 
max heat flux (hot spot) 346,000 Btu/ft 
average power density 

(in-core coolant volume) 1390kW/ft* 

Turbine design is aimed at attain- 
ing an availability comparable with 
conventional sets in spite of the wet 
steam and free hydrogen and oxygen. 
To attain this, moisture separating de- 
vices are self-contained within the tur- 
bine, and the stage energy and pres- 
sure drop in the h.p. stages are 
approximately half the normal de- 
sign values. 

Boiling water reactors are showing 
considerable development potential 
(2372). Suggested improvements _in- 
clude the use of nuclear superheating, 
a supercritical pressure cycle, in- 
crease in specific power rating arising 
from improved fuel element design, 
and a plutonium recycle system to 
make the plant independent of en- 
riched uranium. Aimed at cost reduc- 
tion a 200 MWe Bwr project pro- 
poses a single steam cycle and the use 
of liquid poison for control, this lat- 
ter feature allowing simplification in 
plant design. 

A detailed evaluation (2379) of the 
direct cycle BWR based on EBWR and 
BORAX IV data and performance, shows 
the importance of stability and power 
density criteria is of major importance 
in these plants. The paper sets out a 
critical examination of this using the 
frequency response technique. Of par- 
ticular interest are the results of mea- 
surements of activity in the turbines 
and feed systems of these plants. The 
principal activity in the EBwR system 
arises from N-16 which in turn re- 
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sults from the O-16 (n,p) N-16 reac- 
tion. The half life is 7°4 s and there- 
fore has little effect on maintenance 
work during shut-down. After 2840 
hours running during the past year 
the turbine of EBWR was opened up 
for inspection. The radiation survey 
taken ten days after shut-down re- 
vealed no radiation hazard arising 
from loose radioactivity on the steam 
and feed plant. 

The conclusion of the evaluation is 
that as a result of the information 
available from BORAX-IV and EBWR, a 
direct cycle BWR with a net output of 
30 MWe could be built for as little as 
$200/kW (£72/kW), a figure which 
compares favourably with conven- 
tional plant of the same output. How- 
ever, because these cores will require 
an average enrichment of 2°5 to 3:5 
pe, the cost of energy may not neces- 
sarily be economic. Tentative unit 
cost figures from the proposed 30 
MWe plant, based on 80 pc annual 
load factor and 15 pc capital charges 
come out at slightly less than 0°8 
pence per unit sent out. 


Spray Evaporation 

In connexion with steam void reac- 
tivity coefficient the interesting paper 
On spray evaporation may be men- 
tioned (1451). This recognizes that 
‘chugging’ of boiling water reactors 
results in roughness in power con- 
trol and may lead to divergent oscil- 
lations, It is thought that this is a 
characteristic of all boiling systems 
operating above a limiting power den- 
sity and that it is associated with 
steam void fraction in the core. 

The suggested answer to this is a 
new method of steam’ generation 
where the liquid is dispersed in the 
steam instead of vice versa. Experi- 
ments have shown that this system 
gives heat transfer coefficients of the 
order of 5,000-10,000 Btu/h/ft?/°F 
depending on conditions. 


FAST REACTORS 

A broad measure of similarity 
between many aspects of the Enrico 
Fermi and Dounreay fast reactors is 
indicated by papers 2927 and 274. On 
the other hand the marked differences 
in the fuel elements are brought out. 
The Dounreay elements are tubular 
and allow internal cooling, whereas 


the Fermi core uses 0°158 inch o.d. 
pin elements clad in 5 thou zir- 
conium. 


Both papers refer to the instability 
likely to arise with long unsupported 
elements due to the differential ex- 
pansion arising from the power den- 
sity variation across the core, and 
describe basically similar solutions 
for restraining the element movement 
at the core centre, although the 
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detailed methods of accomplishing 
this differ somewhat. Comparison of 
the heat flux in the two plants indicates 
that the Dounreay value is somewhat 
higher than that of the Fermi This 
fact may also explain the corres- 
pondingly lower primary coolant out- 
let temperatures and steam conditions 
of the Dounreay plant. 

In the case of the Dounreay secon- 
dary heat exchangers (Na to H.O), a 
design which precludes the possibility 
of contact between the water and 
sodium has been used, the water and 
sodium flowing in separate stainless 
steel tubes thermally connected by 
copper bridge pieces. The Enrico 





Shown at the scientific exhibition was 
this full size core in metal for the 
Soviet BR-5 fast reactor. It uses plu- 
tonium oxide fuel and, since it is not 
intended for breeding research, the 
reflector is nickel, with only a small 
layer of uranium. It is a study for 
the BN-50 power breeder 


Fermi secondary heat exchanger is of 
the more simple shell and tube design, 
and the authors state that small 
amounts of leakage of water into the 
sodium system can be dealt with and 
the leak located and rectified, 

Estimated costs of the Fermi piant 
(2427), including heat exchangers and 
boilers, amount to the surprisingly 
modest figure of about £123 per kWe. 
The cost of energy from such a plant 
would include the additional cost of 
the turboalternator plant, etc and the 
fuel cost. This latter is stated as 
being 3-5 mills/kWh (0:3. pence/kWh) 
at 2 pe core burnup, and varying 
from this figure nearly inversely pro- 
portionally to the burnup. This indi- 
cates that a burnup in excess of 2 pc 
would be required to make this form 
of power production competitive with 
alternative methods. 

No forecast of the ultimate burnup 
that will be attained is given in the 
paper, and presumably one of the 


primary objects of this reactor is to 
establish an answer to this partict ar 
query. 


SOVIET REACTORS 

The reactors described by the R s- 
sians in their very late papers (20 
2139, 2183, 2184) are in gene.al 
water-cooled, though the success ul 
operation of a smail sodium-coo’ :d 
fast reactor was also mentioned. 

The first 5000 kWe station at ( 
ninsk, near Moscow, has continued in 
satisfactory operation, having over 
four years to its credit (2183). It h: 
been operated using fuel shuffling 
partial reloading to equalize burnt 
and (using, of course, enriched ura- 
nium) burnups up to 23,000 MWd 
ton are claimed, the elements remain- 
ing serviceable, A reactor of this type 
using a dual steam cycle using reactor 
heat for steam superheating (2139) 
is reported to be under construction. 
It will produce 100 MWe from one 
reactor. 

For large power plants, at present 
there is some concentration on the 
pressurized water reactor, or as the 
Russians call it, the water-water re- 
actor (2184). At least two of this type 
are being built, and initially they are 
to operate with no boiling in the 
channels, though it seems that sub- 
sequent development of a_ boiling 
type is foreseen. These stations will 
each have two 210 MWe pwrs. One 
is near Leningrad, the other at Vor- 
onezh. The limiting factor in design 
is described as the melting point of 
the oxide, 2800°C. The rating and 
element diameter are so chosen that 
under the most unfavourable combina- 
tion of circumstances such as dimen- 
sional tolerances (but under steady 
state conditions!) the centre fuel tem- 
perature does not exceed 2200°C. 
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Reactor fuels and materials 


by J.G, BALL, B.Sc., F.1.M. 


Professor of Physical Metallurgy, Imperial College, London 


Pioneering work on oxides and the new metals 


IT IS NOT SURPRISING that the 
technical content of the papers pre- 
sented to this second conference was 
not so overwhelmingly new as that at 
the first when only the most meagre 
information on the metallurgy of 
nuclear power had been declassified 
and made available in published litera- 
ture. The interest of the metallurgist 
in this conference is therefore in the 
development and criticism of ideas 
already formulated and in the trends 
of reactor design as indicated by the 
emphasis on the materials being 
studied. In this latter connexion the 
most significant feature is, perhaps, 
the intensification of work on ceramic 
fuels, chiefly as uranium oxide, but 
not ignoring the possibilities of ura- 
nium carbide, 

in the intervening period since the 
last conference a great deal of pioneer- 
ing work has been done on the newer 
metals with low neutron capture cross- 
sections—chiefly zirconium, beryllium 
and niobium. There has, of course, 
also been a mass of research on the 
fissionable elements and much new 
data have been collected on the irra- 
diation properties of uranium and 
uranium alloys: the problems of 
growth and swelling are now better 
understood phenomenologically but 
we are still awaiting satisfactory 
theories to explain the observations. 
This is possibly disappointing, espe- 
cially to the academically minded 
metallurgist, but it is not surprising in 
view of the complexity of the mater- 
ials and processes involved. It is 
clear, however, that irradiation effects 
in uranium have been sufficiently 
studied for the metallurgist to be able 
to prescribe for the control of harm- 
ful effects and to prolong irradiation 
life without fuel element failure. 


BASIC METALLURGY AND CERAMICS 


The papers chosen for presentation 
on basic studies did not seem to give 
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a fully representative picture of effort 
throughout the world on the funda- 
mental metallurgy within the field of 
nuclear power production. Those 
available at the time of writing (and 
this omits some Russian, French and 
American contributions) must give a 
very partial view of world activity on 
basic metallurgy. 


Paper 1324 reports on Japanese 
work on nuclear fuels where thermal 
cycling and irradiation damage in 
uranium and the properties of cera- 
mics have been studied. An attempt 
has been made to relate thermal 
cycling effects to internal friction 
characteristics of uranium metal and 
they have been able to show that dis- 
locations formed by deformation dur- 
ing cooling (as a result of anisotropic 
thermal contractions and expansions) 
give rise to a low temperature internal 
friction peak. Reheating reduces the 
peak due to dislocation rearrange- 
ment by climb and absorption by 
vacancies, It is not clear what signi- 
ficance these observations have on 
thermal cycling behaviour. 


An attempt has been made to com- 
bine the ‘twin’ and ‘diffusion’ 
theories of irradiation growth in which 
the internal stress produced by local 
twinning is relaxed by means of diffu- 
sion and precipitation of vacancies 
and interstitials produced by irradia- 
tion. A mechanism for this is discussed 
but none of these elaborations of the 
original ideas suggests a new critical 
experiment, and it is this sort of sug- 
gestion which is required for a new 
breakthrough in this field. 


An interesting possibility in the 
ceramic field is evident in the investi- 
gation in Japan of dispersions of ura- 
nium silicide (USi,) in molybdenum 
silicide (MoSi.). Hot pressing at 
1300° of 20 pc by volume of USi, in 
MoSi., produced a sample which is 
stable under oxidizing conditions be- 


cause the molybdenum compound dis- 
poses itself around the uranium sili- 
cide in such a way as to prevent cor- 
rosion of the latter. 


Plutonium alloys 


There are two papers on plutonium 
in this section, 71 from the UK and 
2197 from the USSR, both dealing 
inter alia, with several alloy systems. 
The Russian paper gives complete 
diagrams for no less than twelve 
binary systems and considers the ten- 
dency to form compounds or solid 
solutions from the point of view of 
the periodic table. A few limited gen- 
eralizations can be made but it could 
not be expected that they would form 
the basis of a broad theory of alloy- 
ing of the actinide elements. It is in- 
teresting to compare the conclusions 
of each group of workers: in general 
terms there is a remarkable degree of 
agreement in interpretation, especially 
bearing in mind the complexity of 
those systems where comparisons can 
be made. In one instance—plutonium- 
iron—Russian workers state that their 
diagram completely coincides with 
that of the British (there are a few 
differences in reported temperatures). 

There is also approximate agree- 
ment in many features of the pluto- 
nium - uranium, plutonium - thorium 
and __ plutonium-zirconium systems 
which are all of potential technologi- 
cal importance. There are, of course, 
differences which will require much 
more laborious investigation for reso- 
lution but many inferences for tech- 
nological design purposes will be pos- 
sible with the diagrams in their pre- 
sent form. An interesting point of 
disagreement is to be found in the 
plutonium-aluminium system where 
the British workers report an extensive 
range (up to 12-14 atomic pc) of solid 
solubility of aluminium in delta-plu- 
tonium at room temperature. While 
agreeing approximately with the solu- 
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bility limits at high temperatures 
(~400°C), the Russians suggest a 
eutectoid reaction at 175°C leading to 
the formation of a compound Pu,Al 
and alpha-plutonium. On this point the 
British workers report failure to pro- 
duce an X-ray pattern for Pu,Al 
which has been reported from the US. 

A paper from the Indian Atomic 
Energy Establishment at Trombay 
(1705) describes experiments on the 
sintering of thorium and reports den- 
sities of 11°26 g/cc (theoretical 11-71 
g/cc) for calcium-reduced metal. These 
high values are obtained by cold com- 
pacting at 40 tsi and sintering in 
vacuo at 1300°C of calcium reduced 
powder. The maximum _ density 
achieved is higher than that previously 
reported and it is shown that the sin- 
tered density is related to the bulk 
density of the powder, intermediate 
values of bulk density, and hence par- 
ticle size, giving the highest sintered 
density. Assessment of the significance 
of these results is difficult because the 
paper does not give the number of 
specimens tested for each condition 
and does not indicate the reproducibi- 
lity of the results. 


PROPERTIES OF REACTOR MATERIALS 

Developments in the technology of 
zirconium alloys in America are re- 
ported from Oak Ridge (1993) and 
procedures described for producing 
Zircaloy-2 in wrought form without 
preferred orientation and _ without 
anisotropy due to stringers elongated 
in the working direction. Intermetallic 
stringers are formed by precipitation 
from the beta phase which is usually 
elongated by rolling at a temperature 
where the alloy consists of two phases. 
At such a temperature the beta phase 
dissolves iron, nickel and chromium 
which are subsequently thrown out of 
solution from the beta phase on cool- 
ing. The precipitates are formed in 
stringers because of the elongated 
shape of the beta phase from which 
they originate. 

This type of defect can be elimin- 
ated by the following sequence of 
operations: forge between 970 and 
1050°C, roll to within 125 pc of final 
plate thickness between 500 and 
785°C, beta-heat treat and quench, 
roll to finish gauge between 480 and 
540°C and finally alpha anneal and 
quench. The difference between Zirca- 
loy-2 fabricated by conventional com- 
mercial practice and the above proce- 
dure can be seen in figure 1. 

The possibility of site welding of 
Zircaloy-2 has been increased by using 
an inert gas blanket on both sides of 
the weld. great care being taken to 
avoid turbulence. The chances of con- 
tamination are further reduced by a 
high freezing rate of the deposited 
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metal achieved by careful edge pre- 
paration to give a small molten pool. 
This procedure is very effective with 
titanium and weld hardness can be 
kept below 220 dph. It is more diffi- 
cult to keep the hardness to this value 
with Zircaloy but a considerable degree 
of toughness can be maintained. 


Zirconium alloys 

It is now well known that Zircaloy-2 
is satisfactorily corrosion resistant in 
high pressure water and in urany] sul- 
phate solutions in the absence of irra- 
diation. In the homogenous aqueous 
reactor the production of fission frag- 
ments at the metal surface sharply in- 
creases the rate of corrosion and Zir- 
caloy-2 is not satisfactory under these 
circumstances. The rate of corrosion 
can however be considerably reduced 
by using a zirconium—15 pc niobium 
alloy. The difficulty with this alloy 
is the increase in hardness and loss of 
ductility which occurs on aging after 
beta-quenching. Hard and brittle struc- 
tures would therefore be expected in 
multi-pass welds in such material. One 
transformation process in the zirco- 
nium-niobium alloys are complex but 
it has been found that decomposition 
can be delayed by ternary conditions 
of 2 pe palladium or 2 pc molyb- 
denum, Although only cursory fabrica- 
tion studies have been made on these 
alloys, the indications are that hot 
rolling at 800°C and extrusion at 
950°C are feasible. 

While these alloys have great inter- 
est for corrosion resistance, they show 
promise of a much wider structural 
use in reactors as they are the first 
zirconium alloys which can be heat 
treated to give high strength and yet 
are workable and weldable. The 
authors of this paper from Oak Ridge 
conclude that ‘zirconium alloys are 
presently available with better neutron 
and corrosion properties than any 
other known reactor material of com- 
parable strength and ductility.” This 
statement is, however, tempered by the 
remark that ‘alloys which are less 
sensitive and more resistant to con- 
tamination in fabrication are urgently 
required to reduce the cost of prepar- 
ing zirconium and titanium materials.’ 


Sheath failure 

The corrosion of Zircaloy-2 in high 
pressure static water, in superheated 
steam and in loop conditions under 
irradiation has been studied exten- 
sively at Chalk River in Canada (194) 
where decision has been taken to 
build power reactors cooled and 
moderated with heavy water. 

The now well-known phenomenon 
of * breakaway’ corrosion was found 
in static water at 360°C, the results 
agreeing well with those of other in- 
vestigators. Post transition rates of 































Microstructure of Zircaloy-2 plate 
( X 240). Above is specimen fabrica- 
ted by conventional commercial prac- 
tice showing preferred orientation 
and large’ intermetallic stringers. 
Work at ORNL developed a new 
work schedule giving the result below. 
This is a great improvement in all 
respects but has some small gas 
stringers formed during melting (Fig |) 


corrosion, i.e. rates after the onset of 
breakaway, were found to increase 
with temperature up to 450°C in 
superheated steam. Above this tem- 
perature the behaviour of Zircaloy-2 
was strikingly affected by its heat 
treatment history. In wrought mater- 
ial or material which has been alpha- 
annealed an accelerated attack occurs 
above 450°C, leading to rapid disinte- 
gration of the sample. Because it is 
always accompanied by extensive hy- 
dride formation this phenomenon has 
been called ‘ hydriding attack.’ In spe- 
cimens which have undergone hydrid- 
ing attack, three distinct layers in the 
film of corrosion product can be ob- 
served. A central layer, having a metal- 
lic appearance, has a composition 
roughly corresponding to ZrH.,., 
while both of the outer layers are grey 
in colour and consist of monoclinic 
ZrO... 

If the Zircaloy-2 is beta-heat treated 
hydriding attack does not occur and 
a normal thin oxide is formed on the 
surface and the specimen as a whole, 
contained a relatively smalJl amount 
of hydrogen (430 ppm) which was 
uniformly distributed through _ the 
metal as a discontinuous phase (Fig 2). 

The few sheath failures which have 
occurred in loop tests using UO, as 
fuel sheathed with Zircaloy-2 were 
characterized by heavy corrosion at 
the core-sheath interface and_ the 
sheath was heavily hydrided near the 
failure, In all of these instances there 
was no evidence of reaction with the 
UO, core. To explain this type of fail- 
ure it is supposed that heat flow 
through the sheath is interrupted with 
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a co1sequent rise in temperature at 
this ooint, leading to hydriding attack. 
Because, under these circumstances, 
the ‘emperature of the sheath is high- 
est at the core interface, hydriding 
attac< will occur from the inside and 
the pressure due to corrosion products 
deforms the outer part of the sheath 
and leads to failure in the embrittled 
material. Access of steam to the inter- 
face must be assumed for this mechan- 
ism to be operative. The characteris- 
tics of the failure are illustrated in 
figure 3. 

Further work at Chalk River on 
aluminium alloy for pressure water 
conditions has revealed a marked dif- 
ference in rates of corrosion under 
static and loop conditions. It was 
found that the ratio of corroding area 
of specimen to volume of water in 
the loop was very important and by 
increasing this area the rate of corro- 
sion could be reduced from some sixty 
times that in static tests to about ten 
times this value. The corrosion pro- 
ceeds by a ‘spall and heal’ mechan- 
ism but with large areas of sample the 
rate is much lower—this is attributed 
to the saturation of the water with 
dissolved corrosion products leading 
to the marked reduction in * film dis- 
solution.’ 

It is interesting to note that the 
most corrosion resistant alloys are 
complex ones containing several ele- 
ments in small quantities—the best 
alloy in static water conditions con- 
sisted of the following percentage 
composition: 2 Ni, 0°5 Fe, 0°25 Si, 
0:04 Be, 0°07 Zr and 0:2 Ti. The paral- 
lel here with Magnox is intriguing and 
possibly significant. 


Work with aluminium 

In Norway (767) development of 
aluminium alloys has a slightly dif- 
ferent emphasis in that reactors there 
are being designed for lower operating 
temperatures in the range 20-150°C. 
Attention has therefore been given to 
a close study of the inter-related 
effects of iron and silicon as impuri- 
ties in 2S aluminium. With less than 
0:2 to 0-3 pe iron, grain boundary 
attack occurs and if silicon is present 
more iron is required to prevent this. 
It is concluded that alloying constitu- 
ents impart their beneficial effects on 
corrosion by virtue of the current set 
up between the aluminium anode and 
the cathodic phases formed by the 
alloying elements. 

he intention to increase the operat- 
ing temperature of Calder Hall type 
reactors (as the Advanced Gas Cooled 
Reactor) has led to the investigation 
at Harwell of the corrosion resistance 
of beryllium in carbon dioxide (319). 
In wet carbon dioxide breaking corro- 
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sion begins after 400 hours at 600°C 
but in dry gas the onset of rapid cor- 
rosion does not occur below 650°C. 
It seems therefore that the corrosion 
resistance of beryllium is not likely to 
place a limit on the life of a fuel ele- 
ment if the temperature of the sheath 
does not exceed 600°C and if the 
moisture content of the gas is con- 
trolled at a low level. 


Beryllium fabrication problems 

A major difficulty with beryllium as 
a sheathing material is with welding 
and various ‘integral’ canning 
methods have been investigated to 
avoid joining by fusion. Forging of a 
sheathed composite unit of a metallic 
uranium core surrounded by a tamped 
layer of beryllium powder has proved 
successful. Forging of the composite 
element in dies at pressures of 50 tsi 
and at 1000°C are necessary. It is also 
essential to control very carefully the 
shape of the uranium and the shape 
of the mild steel sheath if irregulari- 
ties in the final thickness of the beryl- 
lium are to be avoided. A cross-section 
of a typical element made by this 
method is shown in figure 4. 

In view of the care necessary for 
obtaining correct shapes for sheath- 


> 


spite of considerable increases in 
thickness or diameter (5 to 10 pc) due 
to change in shape of the uranium. 

The co-extruded elements have 
withstood 200 cycles through the 
alpha-beta charge and have also been 
irradiated to 300 MWd/t at 250°C 
without failure. 


IRRADIATION EFFECTS 

The Argonne National Laboratory 
of the US have completed further ex- 
tensive work (1890) on the growth pro- 
perties of uranium. 

Growth coefficients have been de- 
rived for alpha-uranium in a variety 
of metallurgical conditions but the gen- 
eral picture remains unchanged i.e. 
maximum growth occurs in material 
rolled at 300°C to produce a large 
component of (010) poles parallel to 
the rolling direction; randomizing by 
beta-quenching reduces the growth co- 
efficient nearly to zero: small growth 
coefficients are also obtained by roll- 
ing at 600°C. Much of this careful 
and accurate work seems to be dimin- 
ished in value by the absence of in- 
dications of the specimen temperatures 
although these are clearly in the 
growth range and presumably much 
below 400°C. Furthermore the growth 





Tests at Chalk River on Zircaloy-2 tubing show (left) alpha-annealed and (right) 
beta-quenched specimens after 24 hours in 540°C, 100 atm. steam (X2:2) (Fig 2) 


forging, co-extrusion would appear to 
be a more satisfactory method of 
fabrication. For this a blind hole is 
drilled in a cylinder of beryllium, the 
uranium fuel inserted, the hole closed 
by a plug and the composite unit ex- 
truded at about 500°C. Reductions in 
area of only 2:1 are required to seal 
the end of the can while uniformity 
of core shape is achieved by using 
beta-quenched fine-grained uranium. 
Thermal cycling in the alpha-range 
for 1000 cycles (50-620°C) has been 
withstood by both types of element in 


coefficients are almost certainly tem- 
perature dependent. A feature of this 
work is the high irradiation doses to 
which the specimens have been sub- 
jected—as much as 1:75 atom pce in 
some cases. 

In investigating powder compacts the 
effect of temperature has been consi- 
dered and the incidence of swelling 
is clearly and accurately indicated. Up 
to 450°C density changes of less than 
5 pe per atom pe burnup are observed 
but above this temperature large den- 
sity changes occur and at 500°C they 
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Failure of Zircaloy-canned oxide fuel element is believed due to an interruption 
of heat flow through the sheath causing hydriding attack at the inner surface. 
(Fig 3) 


are as high as 25 pe decrease in den- 
sity per atom pc burn-up. Metallo- 
graphic examination shows that the 
density decrease is usually due to a 
large central void and a surrounding 
zone of fine porosity—it is considered 
that the large void is the result of an 
effective inward movement and coales- 
cence of the already nucleated bubbles 
of fission product gases, 

Several dilute alloys of uraniuin 
have been irradiated with unexpected 
results in some instances. For example, 
a 2:5 pe molybdenum alloy with ura 
nium had a five times larger growth 
coefficient when quenched from the 
gamma-phase than when _ slowly 
cooled. The growth of extruded pluto- 
nium-uranium alloys was found to be 
markedly dependent on plutonium 
content—an alloy with 14 pc pluto- 
nium elongated 96 pc at 0°4 atom pc 
burnup, whereas an alloy with about 
18 pc plutonium elongated only 8 pc 
under the same conditions. 

Zirconium-uranium alloys with 1°62 
weight pe of zirconium were dimen- 
sionally stable when irradiated at 
350° but at 600°C there were large 
volume increases. 


Interest in the ternary alloy with 
5 pe zirconium and 1°5 pe niobium has 
been shown because this alloy resists 
aqueous corrosion in the gamma- 
quenched condition. In the swaged 
condition this alloy has a fairly high 
growth coefficient during irradiation 
but, after gamma-quenching, the co- 
efficient is doubled. Growth can be 
reduced by factors as high as sixty 
times by certain isothermal heat treat- 
ments: it is not clear what effect these 
have on corrosion resistance, but it 
is probably deleterious. These dis- 
appointing results are not made better 
by the finding that even the gamma- 
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quenched alloy loses its corrosion re- 
sistance after only 0-07 atom pc burn- 
up, presumably due to an irradiation- 
induced change in metallurgical struc- 
ture. 


Uranium-fissium alloys 

An interesting group of experiments 
was made on the so-called uranium- 
fissium alloys which contain molyb- 
denum, zirconium, ruthenium, rhodium 
and palladium in the proportions in 
which these elements remain after 
pyrometallurgical processing of irradi- 
ated fuel elements. Here again heat 
treatment very strikingly influences 
irradiation growth behaviour. Swaged 
alloys quenched from the gamma (but 
not retaining gamma) grow appreci- 
ably but isothermal transformation of 
the same alloys reduces growth almost 
to zero. By contrast another alloy, 
with more fissium, which retained 
gamma on quenching had a compar- 
able growth stability only in the 
quenched condition. 

Addition of molybdenum above 
those found in fissium causes irra- 
diation growth to become essentially 
independent of prior heat treatment. 

The contribution on_ irradiation 
damage from the Windscale labora- 
tories in the UK (50) gives additional 
data on irradiation growth of ura- 
nium obtained from examination of a 
large number of fuel elements taken 
from the plutonium-producing reac- 
tors. A statistical method of assessing 
wrinkling in irradiated uranium bars 
shows that surface roughening de- 
creases as the irradiation temperature 
increases above about 150°C and is 
probably absent above 400°C. Al- 
though the evidence is very sparse the 
investigators draw their curves to 
show a decrease in wrinkling below 
150°C and therefore conclude that the 


phenomenon is at its worst at this 
temperature. Density determina: ons 
show that there is a decrease of 0-7 
pe for a mean irradiation level of 00 
MWd/t and a mean temperatur: of 
220°C. Density decrease is tempra- 
ture dependent and, as would be ex- 
pected, is at a maximum in the re: ion 
of greatest growth (or wrinkling) be. 
tween 150° and 200°C. Metalloyra- 
phic examination revealed small ; re- 
gular holes between 10-7 and 10- sq, 
mm. in cross-section in sufficient niim- 
ber to account for the density de- 
crease. The holes are not, in general, 
located at grain boundaries but are 
frequently associated with inclusions 
especially those in the form of flakes 
or stringers. This type of porosity is 
said to be quite distinct from that 
associated with swelling. 


Irradiation creep 

The much publicized phenomenon 
of irradiation creep has been investi- 
gated at Windscale particularly in re- 
lation to the performance of the Calder 
Hall reactors. The effect was found to 
be much as had been predicted by 
the early experiments and quantita- 
tive predictions could be made. These 
led to the alarming conclusion that, 
in the worst position in the reactor, a 
fuel element with an initial bow of 
0-025 inch, would develop a bow of 
1 inch for an irradiation of approxi- 
mately 550 MWd/t. Remedial mea- 
sures were obviously required and 
lateral braces of magnesium alloy in 
the middle of the fuel element have 
been found to restrict bowing satis- 
factorily at the irradiation doses so 
far experienced. It is very encouraging 
to note that only 13 fuel elements 
have failed from about 30,000 inserted 
and most of these failures can be 
directly attributed to manufacturing 
faults such as defective welds. 

American work on the effects of 
irradiation on the properties of struc- 
tural materials was presented to this 
section of the conference in a com- 
prehensive review paper (1978). It is 
now well established that the yield 
point in steels is increased by irradia- 
tion and the recent work has added 
some detail to this observation, At 
low irradiation temperatures and doses 
the yield stress increases but the upper 
yield becomes less prominent and, as 
the dose increases, the yield point 
elongation is lost. At high doses be- 
tween 10'° and 107° neutrons per sq. 
cm all resemblance to the typical 
yield point in mild steels is lost and 
characteristics are assumed which are 
similar to the irradiation-induced yield 
points in face-centred cubic metals. 

The important engineering property 
of impact strength has received much 
attention in the US, as in this country, 
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anc -hifts in the transition temperature 
of much as 220°C have been ob- 


servcd. At the high temperature end 
of the notch-impact/ temperature 
curves the loss of energy absorption 


seldom exceeds 60 pc and a shift in 
transition temperature is noted before 
there is an appreciable reduction in 
energy absorption. These phenomena 
are. not surprisingly, temperature- 
dependent and the changes induced at 
irradiation temperatures of about 300 
to 350°C are less than at temperatures 
of about 95°C. However, at the higher 
temperatures the change in energy ab- 
sorption due to irradiation is very 
temperature sensitive. 


From the practical point of view 
this work leads to the conclusions that 
carbon steels are less variable than 
some alloy steels in their response to 
irradiation ; that it is an advantage to 
keep the carbon content above 0:2 pc ; 
and that the steel should be processed 
to give as low a transition tempera- 
ture as possible since there is no evi- 
dence that a steel with a low initial 
transformation temperature will un- 
dergo a greater increase than one with 
a higher initial value. 


Engineering properties 


A further subject of engineering de- 
sign interest is the irradiation-induced 
yielding of face-centred cubic metals 
and the associated effects on other 
mechanical properties. The load-strain 
characteristics of irradiated face cubic 
metals are (a), more plastic deforma- 
tion occurs than in iron before an 
upper yield is reached (b) the drop in 
load after yield is abrupt and (c) 
there is evidence of work hardening 
following yielding. Further, after 
doses of 10°° n/cm? the uniform elon- 
gation is reduced without a corres- 
ponding change in reduction in area. 
This is very important from the de- 
sign point of view and more work 
will be necessary to determine the 
temperature dependence of the effect 
since, at reactor operating tempera- 
tures, it might not be so severe as 
the present experiments suggest. 


The British work (80) on the engin- 
eering properties of steels under irra- 
diation has shown that the transition 
temperature is generally increased 
when the exposure exceeds about 10! 
neutrons per sq. cm. The largest 
change in transition temperature that 
is reported is about 70°C; this does 
not occur at the maximum irradia- 
tion dose but at 5-7.10'® n/cm?. At 
9-3.10!9 n/cm? the increase in transi- 
tion temperature is some 10°C less and 
the curve has a peculiar double transi- 
tion. The experimental points on each 
curve in this series are quite self-con- 
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sistent and it appears that there is a 
real anomaly here awaiting explana- 
tion. It is interesting to note that com- 
pletely ductile fractures were not ob- 
tained until the second step in the 
transition curve was reached at a tem- 
perature about 40°C higher than that 
of the ‘maximum increase’ referred 
to above. 

A cautionary note in the American 
paper is timely and important in main- 
taining a balanced practical perspec- 
tive: 

One of the greatest uncertainties in 
applying irradiation effects data to 
reactor components is the measure- 
ment and calculation of the effective- 
ness of the fast neuron flux. Fast 
neutron fluxes are neither commonly 
nor easily measured in test reactors, 
and the calculation of the fast flux 
distribution in power reactors is appar- 
ently subject to large errors. Further- 
more, there does not seem to be a 
sound basis for comparing the effect- 
iveness of different fluxes of fast neu- 


operate at sheath temperatures be- 
tween 500° and 650°C and a mini- 
mum irradiation of 3000 MWd/t must 
be obtained. Beryllium sheathing with 
UO, fuel gives the most promise of 
achieving these conditions and the 
French authors go further in suggest- 
ing that such fuel elements should 
make it possible to avoid the steam 
cycle by using the hot gas from the 
reactor core to operate a gas turbine 
(c.f. the high-temperature gas cooled 
reactor of the UK programme). 
Among the other types of fuel ele- 
ment whose manufacture is described 
is the element for the UK Dounreay 
fast reactor (44). An important fea- 
ture of these fuel elements is the em- 
bodiment of a safety device to enable 
the uranium to be removed from the 
core in a controlled fashion in the 
event of a power excursion which 
might otherwise increase the criticality 
of the assembly. For this, the fuel is 
contained as an annulus between inner 
and outer metal tubes selected so that 





Harwell tests on beryllium-canned uranium under thermal cycling conditions are 
promising. This radiograph shows a typical specimen which can consistently 
withstand 1000 cycles from 50-620°C without failure. (Fig 4) 


trons where two different neutron 
spectra are involved. 


FABRICATION OF FUELS 

A contribution from France (1157) 
considered the problems of elements 
for pressurized gas reactors of the 
plutonium and power producing types. 
It is interesting to note the similarity 
of the British and French approaches 
to the problem and the almost identi- 
cal conclusions reached for future 
development. With regard to sheath- 
ing, magnesium was chosen for opera- 
ting temperatures of about 400°C but 
the Magnox-type alloy (used in Calder 
Hall) is rejected in favour of magne- 
sium—0°6 pc zirconium. Welding pre- 
sents no problem with this alloy and 
there is no chance of combustion in 
carbon dioxide at temperatures below 
750°C. For the fuel, casting in vacuum 
and extrusion in the upper alpha- 
phase region have been investigated 
but, as in the UK, casting is pre- 
ferred. For the future it is concluded 
that economic power plants should 


the inner would fail at a lower tem- 
perature and more rapidly than the 
outer due to reaction between the 
metal sheath and the uranium fuel— 
a reaction which would take place 
due to temperature rise in the fuel 
following an accidental increase of 
power. The controlled release of molten 
uranium through the inner tubes of 
the fuel elements would lead to a 
decrease in criticality. The basis of 
this device is clearly metallurgical 
compatibility between fuel and sheath. 
Niobium, tantalum and molybdenum 
were possble metals for the outer can 
and niobium was chosen because it 
had the best combination of the im- 
portant properties of ease of fabrica- 
tion and welding, ductility and the 
formed metal and loss neutron ab- 
sorption. For the inner tube, choice 
was more limited and of the elemental 
metals vanadium was the only possi- 
bility. Due to the uncertainty of the 
availability of vanadium a composite 
tube of tantalum-coated nickel was 
developed to satisfy the correct res- 
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ponse to attack by uranium at high 
temperature. This alternative has now 
been abandoned since the supply of 
vanadium to a suitable specification 
has been assured. 

For the fuel, although powder 
metallurgy methods were investigated 
because of their promise of high 
economy in expensive enriched ura- 
nium, vacuum casting was chosen. This 
choice was further favoured because 
of the decision to use an alloy fuel 
containing 4+ pc chromium which 
could much more easily be made by 
melting than by powder techniques. 
Casting to final size on all dimensions 
of the tubular fuel units was not feas- 
ible because of the high rejection rate. 
Machining ‘all over’ produced a high 
acceptance rate of components but was 
likely to be uneconomical because of 
the high cost of recycling swarf. The 
method adopted for further develop- 
ment was consequently a combina- 
tion of casting to size and machining 
in which the bore of the tube was 
cast to size and used as a reference 
for machining of the outside surface. 

The problems here described in a 
few hundred words are put into pers- 
pective by a statement in the paper 
that ‘the development of the fast 
reactor fuel elements has called for a 
consistent scientific effort measured in 
tens of thousands of man days per 
year over a number of years, and an 
expenditure of hundreds of thousands 
of pounds.’ 


Enrico Fermi fuel elements 

The immense task of designing and 
making a fuel element is also reflected 
in the comparable description of the 
US development of the elements for 
the Enrico Fermi sodium-cooled fast 
neutron breeder reactor designed to 
give 300 megawatts of heat (792). The 
development period has been devoted 
to three distinct phases, the end of 
each being prompted by a radical 
change of ideas of metallurgical feas- 
ibility. In phase one it was the inten- 


Results of cold-swaged uranium dioxide elements irradiated in a pressure water 
loop at Chalk River show radial cracks which do not however seem to affect 
performance. (Fig 5) 


tion to bond the fuel to the sheath by 
a ‘casting-in’ process in which the 
molten uranium is poured into the 
sheath tube which acts as a mould. 
The eutectic uranium-chromium alloy 
(5S wt. pe chromium) was successfully 
cast into low carbon iron tubes with 


grade zirconium but the bonding was 
unacceptable from the heat transfer 
point of view. More successful bonds 
could be made with uranium—2 pc 
zirconium alloys cast into zirconium 
but the casting procedures were con- 
sidered to impose undesirable restric- 
tions. Sodium filling of the interstices 
where the bonds were poor proved to 
be successful in various combinations 
of fuel and sheath but the possibility 
of fission product gases accumulating 
at these points causing local heating 
and failure was taken to be too great 


In the second phase co-extrusion of 
uranium—2 pc zirconium alloys 
zirconium sheaths with integral end- 
capping was developed on a labora- 
basis. The undesirable 
in the fuel could be removed by melt- 
ing of the fuel within its sheath by 


characteristics of the fuel were still 
thought to be unsatisfactory. 

In phase three, irradiation stability 
of the fuel was given priority and 
uranium—1l10 wt. 
alloys have been used. The element is 
fabricated by 
assembly consisting of the fuel alloy 
billet, the zirconium sheathing mater- 
and an outer container of steel 
which prevents oxidization of the zir- 
conium and sticking to the extrusion 


pe molybdenum 


The contrasts with the British fuel 
elements are in the method of fabri- 
cation and in the choice of alloy—the 
statement in the American paper that 
had been determined 
known low percentage alloy addition 
to uranium was completely acceptable 





probably most significant in reflec ing 
the relative abundance of enric 1ed 
uranium in the two countries. 


Advantages of uranium dioxide 

Many of the papers at the cor fer- 
ence underline the difficulties of © zal- 
ing with metallic uranium and _ its 
alloys in fabrication, heat treatn ent 
and especially in service condition: in 
a reactor. It is not surprising there ore 
that there is an intense search for 
alternative forms of fuel and, at the 
present time, uranium dioxide se -ms 
to have many advantages for this pur- 
pose. It has been extensively investi- 
gated at Chalk River (193) in a series 
of irradiation tests which lead to the 
encouraging and unequivocal conclu- 
sion that ‘ uranium oxide is thoroughly 
satisfactory in fuel elements cooled 
with pressurized water.’ However this 
statement needs to be somewhat quali- 
fied because the low thermal conduc- 
tivity of the oxide limits the heat 
rating for a specified maximum tem- 
perature in any given fuel element. The 
need for low fuelling costs makes it 
desirable for the fuel to be in massive 
form and it follows that there is a 
real incentive to determine the maxi- 
mum heat ratings which can be safely 
attained. Although it has been con- 
sidered on intuitive grounds that the 
maximum fuel temperature should not 
exceed the melting point of the oxide 
the need for this has not been demon- 
strated—heat ratings based on this 
criterion might therefore be exceeded 
if a molten core could be shown to 
be safe and otherwise satisfactory. On 
irradiation, uranium oxide bodies 
develop radial cracks, persumably due 
to thermal stressing, but they do not 
seem to interfere with performance. 
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Seated round NP’s microphone in a 
broadcasting studio at the Palais des 
Nations is our team. They are (1. to r.): 


BILL DAVIDSON Editor, Nuclear Power 


HOWARD GOTT Nuclear plant design 
engineer, Central Electricity Generat- 
ing Board 

PETER GRANT Head, Reactor Physics 
Section, The General Electric Co Ltd 


WALTER H. ZINN President, General 
Nuclear Engineering Corp, Dunedin, 
Florida 

R. N. MILLAR General Manager, Fraser 
& Chalmers Engineering Works, The 
General Electric Co Ltd 


There’s a good future for gas cooling 


US-UK team agree in Geneva tape discussion 


While so many experts were gathered in one place, we thought 
it a good idea to get just a few of them to talk around this 
subject. So we invited Walter Zinn, former Director of Argonne 
National Laboratory, whose own company is actively engaged 
in gas cooling developments to meet some of those working 


on this 


Davidson: Most of us were at the session 
this morning, when Mr Allardyce of the 
World Bank, talked about the SENN 
project. From his analysis it looks as if 
there’s very little to choose on the total 
overall cost of units between the gas- 
cooled and the water-cooled type of 
reactor. Dr Zinn, perhaps you would 
give us your view on the present state 
of gas cooling and indicate how you 
think we might get it better. 


Zinn: Well, you will recall Mr Allardyce 
also indicated that the capital cost of 
electricity from these reactors would be 
some ten or fifteen per cent more than 
the cost from conventional power in 
Italy. Now from the point of view of 
someone in the United States, this would 
be not ten or fifteen per cent; it would 
be a hundred per cent, because our 
conventional generating costs are lower. 

So we are mainly interested in the po- 
tential of any of these reactors for future 
improvement and I share the opinion of 
many people connected with gas cooling 
in Britain that the gas-cooled reactor 
has a substantial potential for improve- 
ment, 


Davidson: Can you give us any idea on 
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side of the Atlantic. 


how this could be achieved? 


Zinn: There isn’t any one item that you 
can select and say just do this and you 
have realized the improvement. We all 
agree I believe that it will take improve- 
ment at quite a few points. But I think 
there is general agreement on one, 
namely, that the temperature of the gas 
coming out of the reactor must go up. 
We want higher temperatures, that’s just 
one point. One can quickly name others 
and then quickly I believe get into an 
area of some conjecture or difference of 
opinion. For instance, some will say 
raise the temperature but stick with the 
graphite system and I think that we all 
realize that to do this will take enriched 
uranium—at least to raise it a very con- 
siderable amount. Other people, and I 
think I am one of them, would like to 
see the temperature go up but would 
like also to see the enrichment held 
down and if possible kept as natural 
uranium. 


Davidson: Perhaps Mr Millar could say 
something on that because his company 
I know are feeling much the same way. 


Millar: Yes, I agree with Dr Zinn that it 


Here's what we 


recorded. 


is desirable to increase gas temperature, 
but I think one has to bear in mind that 
complexities in even the more conven- 
tional part of the reactor may result 
from increases in gas temperature—in 
other words, an increase in thermal 
efficiency resulting from increased gas 
temperature may be offset by some of 
the complexities or difficulties in design- 
ing ducts and other systems to handle 
high gas temperatures. However I think 
there is a more fundamental considera- 
tion. The gas-cooled reactor is really the 
only reactor which can be designed to 
suit the economy of any particular coun- 
try. It can be built to use natural uran- 
ium with a high capital cost and a low 
power cost, or it can be used with en- 
riched fuel and lower capital cost. Now 
conditions vary in every country; under- 
developed countries where capital is dif- 
ficult to obtain may be forced to go for 
a low initial capital cost at the expense 
of the power cost. More developed coun- 
tries such as the United Kingdom may 
be more concerned with a low power 
cost than a low capital cost. And I think 
while it’s true to say that there are certain 
objections in the design of these reactors 
one can’t define them without defining 
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the partcular countries in which one is 
considering the reactor installation. 
Gott: I think that the question of in- 
creasing the temperature by itself is not 
enough to give us the decrease in capi- 
tal cost that we're looking for. At the 
moment we're getting efficiencies of 
something like 27-28 pc. You can put 
these up by higher gas temperatures, but 
even if you took 40 pe which would be 
quite ambitious, this is a relatively small 
improvement. necessary to do 
something to increase the rating and I 
think we may very well be right on the 
edge at the moment of permissible 
ratings with the Magnox canned reactors 
that we're using in the UK. This may be 
at least as provocative a reason for a 
change in type as a desire for increase in 
temperature. 


It's also 


Zinn: The framework in which I think 
of reactors is of course the United 
States, where we've got to get a low 
capital cost and also, of course, low 
operating cost. I agree very much that 
temperature alone won't do it, but it’s 
the most direct gain—raising the effici- 
ency. And then I agree that the rating 
we call it the specific power—of the 
machine must come up. And very con- 
siderably, before we can get a machine 
that will qualify under capital cost. 
Grant: Well I think I could back that up 
because at the present time with metallic 
uranium one of limitations 
is the maximum temperature in the fuel 
rod. 


the serious 


In order to increase the specific 


power one is clearly going to have to 
rod much 
rod, 


thinner or use a 
and this will 


make the 


multiple lead you 
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won't do it 
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up too 





directly to enriched fuel. At that stage it 
seems to be more sensible to take a 
rather large jump and go to the use of 
ceramic fuels, where you can get a higher 
power density and a higher temperature 
at the same time. Your fuel cost may go 
up somewhat—it depends, I think, on 
the burnup that can be achieved with the 
oxide fuel, but bearing in mind that at 
the present time roughly two-thirds of 
the power cost is due to capital charges 
and one-third fuel, there is an out-of- 
balance situation and one could really 
afford to put the running cost up pro- 
vided you do in fact put the specific 
power up at the same time. 
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Gott: Yes, provided that in doing this 
you don’t completely rule out the possi- 
bility of running on a peak-load basis, 
because in that stage of our develop- 
ment in the United Kingdom we are 
very interested in reactors of a much 
lower power level. 

Millar: Nevertheless I think there’s still 
going to be a demand during the next 
few years for large base-load reactors in 
Europe and I think we shouldn’t lose 
sight of the point which Dr Zinn raised 
that there is merit in retaining a system 
which operates on natural uranium. 
Both economically and from the political 
economy of the countries investing in 
this type of plant, there’s much to be 
said for independence of _ external 
sources of fuel—enriched fuel—and fur- 
thermore the use in due course of plu- 
tonium, which can be produced in these 
reactors for enriched systems in these 
countries at a later date. 


Davidson: In the last issue of NUCLEAR 
POWER you may have seen an article by 
Mr Yasukawa of Japan on why he chose 
this type of reactor for his first power 
scheme and this was a point he made— 
the Japanese want eventually to do their 
own fuel. 





Zinn: I would say aside from that, even 
in a country where the incentive to stay 
away from enriched uranium doesn’t 
exist, such as the United States, we are 
pressed very hard to get a fuel cost that 
is comparable with our coal cost, and if 
you can get the rating in the natural 
fuel—if you can get the rating—then we 
like as little enrichment as possible be- 
enrichment costs money and 
everything connected with enrichment 
costs money. Even fuel processing costs 
more when the enrichment is high. So 
we have given serious consideration to 
dropping the graphite as a moderator 
and trying heavy water—you get more 
reactivity that way—and we are seriously 
working on the design of a machine 
which in large sizes could be natural- 
uranium-fuelled and gas-cooled, pro- 
vided our hopes are borne out by results 
experimental results—in getting the 
rating. We can’t afford heavy water with 
a low rated machine, that’s as obvious as 
anything. 
Millar: This would use ceramic 
elements? 


cause 


oxide 


Zinn: We see no future for us in metallic 
elements because to get the rating up we 
clearly also run into temperature prob- 
lems. And along with getting the rating 
up we also need a longer fuel burnup 
and this we can’t get either with metallic 
fuel. Unless someone discovers some 
way of alloying an innocuous material 
with uranium metal which will strengthen 
it so it can take the irradiation—no one’s 
got near doing this yet. 


Gott: There doesn’t seem very much 


prospect of it. It’s hoping for a mir: cle 
this. 

Millar: Don’t you feel, Dr Zinn, = iat 
there are some very serious engineer ng 
problems in the heavy water-modera ed 
gas-cooled reactor? 

Zinn: Yes, we are trying to solve th: m. 
I agree. 


Gott 


As far as we can 
get with Magnox 





Millar: I 


would look on it, perhaps 
irreverently, as a physicist’s reactor and 
not an engineer’s reactor. 

Zinn: Well, we think the thing that 
would make it practical would be a de- 
velopment of a suitable pressure tube, 
and we believe we are making some 
good progress along that line. 
Davidson: The fourth annual report of 
the UK Atomic Energy Authority states 
that the British are working on this type 
of concept and they mention specifically 
the problem of header design. Do you 
find this too, Dr Zinn? 


Zinn: Yes, we have been working on 
header design. We now have shop work 
going on mock-ups. It will require 
development of special techniques of 
assembly because the header design is 
really difficult. You take something from 
room temperature to a thousand degrees 
F and it’s big and it wants to expand in 
lots of different ways, and it’s a diffi- 
culty, the design. The headers of course 
have to be big if it’s gas. But I don't 
think it’s insoluble. We are relatively opti- 
mistic. Maybe we'll be disappointed, but 
we won't accept defeat on the matter 
until we’ve made quite a few tests and 
we're just barely starting them, 
Davidson: Mr Gott, does the Electricity 
Board have any views on the idea of 
heavy water moderation? . 

Gott: I think it would be very difficult 
in the United Kingdom to develop a 
heavy-water-moderated gas-cooled reac- 
tor so that any of the generating boards 
could have one in service by 1965. It’s 
just a question of straight design and 
development time. I imagine that when 
the thing is there and something to look 
at then you can think about buying it. 
Millar: There are presumably develop- 
ments which will lead to substantial re- 
ductions in the cost of heavy water 
which may well make the reactor more 
attractive. 


NUCLEAR POWER October 1958 





lat 
ng 


ADS 


ind 


hat 
de- 
be, 


me 


of 
Les 
ype 
Hy 
ou 


on 
ork 
ire 


of 


om 
ees 


in 


rse 
n't 
ti- 
dut 
ter 
nd 


ity 
of 





Zinn. We don’t find, with the highly 


rate’ reactor, that the penalty for heavy 
wa is very great. It amounts to per- 
haps 4 mill/kWh, but it’s made up easily 
by ‘ne longer burnup we can get. Now 
we believe that the ceramic fuel, but not 


necessarily the jackets—we don’t know 
the jackets yet for this reactor—the 


ceramic fuel, the oxide, will give us a 
longer burnup. We’re pretty sure of that. 
So we think the cost of the heavy water 
or the penalty due to heavy water is not 
intolerable. 


Davidson: You're all aware of Dr Lewis’s 
plans in Canada for his Npp-1 where 
he claims very high burnups for his cera- 
mic element. It’s heavy water cooled of 
course. Would this experience of Dr 
Lewis's be relevant to a_ gas-cooled 
heavy-water system? 

Zinn: Well there are two points which 
are common. Both reactors would need 
a pressure tube and both use oxide fuels. 
But I don’t agree with you that he’s 
specifying a terribly high burnup for 
ceramics. He’s talking about 8000 to 
10,000 megawatt days per ton and that as 
an average turnup for a tube reactor in 
which the fuel can be shuffled. That's 
not exceptional contrasted with what we 
need in our pressurized or boiling water 
We get an average of 10,000 
megawatt days per ton, and some ele- 
ments go to 18,000. 

Grant: Even on the present types of 
uranium fuels in the graphite-moderated 
reactor, the limitation on burnup now is 
a metallurgist’s problem and not the 


reactors. 


Grant 
Axial and_ radial 
shuffling will be 
needed 





physicist’s. If there were no problems of 
swelling and this sort of thing with the 
fuel elements we could easily get 5000- 
6000 MWd/t from natural uranium in 
a graphite-moderated reactor. This 
would involve a fairly elaborate shuffling 
system, In addition to the axial shuffling 
which is now being done one would 
have to do a certain amount of radial 
shuffling, but this doesn’t necessarily in- 
volve any more movement in the charge 
machine. So that certainly Lewis is 
being very conservative in his present 
burnup requirements. 

Gott: You'd be limited by radiation 
damage to the fuel or by the reactivity 
considerations? 

Zinn: Our calculations and large critical 
experiments in heavy water indicate that 
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with gas cooling and heavy water 
moderation we can anticipate a fuel life 
of about 6000 MWd/t with what we 
call the fuel push-through method, which 
is not quite as elaborate shuffling as it 
could be. This is not quite as good as we 
would like to see and we are looking at 
ways in which we might improve it a 
little bit. 

Millar: This is a limitation imposed by 
reactivity considerations and not by 
fission product gases? 

Zinn: It’s due entirely to reactivity and 
when I said earlier we don’t yet have a 
jacket, I had in mind that as you go to 
higher temperature in your ceramic fuel 
—higher than we use in the water reac- 
tor—your jackets have a little harder job 
to do. 

Millar: You wouldn't accept the philo- 
sophy of having an active circuit? 
Zinn: J might accept it, but I don’t know 
that I'm a good enough salesman at the 
moment to sell it to the American utility 
operators. They have sort of shudders 
when they look at a large system— 
which a gas system would always be— 
containing any sizeable amount of 
fission product activity. 

Millar: Our approach has been on the 
same lines. We feel that under no cir- 
cumstances should one accept an active 
primary circuit if this can be avoided. 
Zinn: I made one remark there that I 
hoped I would get agreement on. I think 
that a slightly or a partially radioactive 
system is the worst of two possible 
worlds—in other words, jackets which 
leak some but aren’t really tight. You’ve 
either got to take the jackets off and 
take all the fission products—I'd go the 
whole way if I go at all. Otherwise I'd 
say with you we must have really good 
jackets and good detection systems. 
Davidson: Have you, Dr Zinn, had an 
opportunity of studying the two British 
papers on what we call the advanced 
gas-cooled reactor and the high tempera- 
ture gas-cooled reactor? 

Zinn: I have looked at the papers, but 
study them I haven't had a chance. 
They look very interesting. Many of the 
thoughts expressed there are ones I must 
confess we have had too. 

Davidson: Perhaps Mr Millar could may- 
be say something about those because 
his company are known to be interested 
in the high temperature one anyway. 
Millar: Yes, I don’t think the paper on 
the high temperature gas-cooled reactor 
in any way exaggerated the potential of 
this reactor. There seems to be a slight 
tendency to cool off on this particular 
reactor, but I think personally that it has 
a very great future, It is dependent on 
advances in certain metallurgical tech- 
niques, particularly in the production of 
impermeable carbon, but there’s no 


reason why these should not be achieved 
on the time scale under which this reac- 
tor is being considered. 

Zinn: May I ask where impermeable car- 
bon is used? 

Millar: In the fuel element. 

Zinn: Oh, it’s used as the jacket!—a 
ceramic jacket. Our project is proposing 
to invest very sizeable sums of money in 
that type of development. We have three 


Millar 
Impermeable _ car- 
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jackets that we wish to develop for this 
purpose. One is stainless steel—obvi- 
ously requiring enrichment. It sounds 
easy but when you get down to the de- 
tails with the stainless steel jacket for 
high temperatures it’s not so easy. 
Beryllium we would like, in order to get 
the enrichment down to the natural, but 
it isn’t easy because in most designs 
which are liked we also need fins on the 
jacket. What we would really like to see 
is the ceramic jacket, but impermeable 
to fission products—when you have it let 
us know! 

Millar: On our stand at the exhibition 
you can see such material. 

Zinn: I will take the opportunity to visit 
it. I haven’t been there yet, but I'll be 
looking. 

Davidson: At one time for the HTGR it 
was proposed to let the primary circuit 
become contaminated and have a con- 
tinuous clean-up system. 

Millar: The original scheme was to bleed 
off gas from inside the fuel element and 
allow clean gas to leak in. But this 
wouldn't of course prevent the circuit 
from becoming active by back diffusion. 
Zinn: It also limits your fuel shuffling, 
because you make now a long fuel ele- 
ment that goes all the way through the 
reactor and now you're back where we 
started. 


Grant: As long as you're aiming to keep 
the enrichment down, then I think your 
aim must be to do fuel shuffling, because 
then you get the benefit of the new fuel. 
Zinn: And of course with that comes the 
engineering of a very complicated and 
difficult unloading and fuel handling 
machine. There are still lots of oppor- 
tunities for mechanical engineers to be 
ingenious. 

Millar: A lot of opportunity for them to 
be too ingenious. 
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Controlled Thermonuclear Fusion 


—many 


THE COMMON objective of all ther- 
monuclear work has been to achieve a 
reaction in deuterium or deuterium- 
tritium mixture. This is a system in 
which fusion reactions are produced by 
random thermal collisions in a very 
hot gas, and it seems at present that 
this is the only way in which the 
fusion energy could, in principle, be 
made to exceed the energy which 
must be supplied to the systems in 
order to produce the reactions. This 
is of course an essential condition if 
useful power is to be obtained. 


At such high temperatures all mat- 
ter is in the state of plasma; that is, 
an equal concentration of free elec- 
trons and positive ions. Even if par- 
ticle and heat conduction losses could 
be suppressed, an unavoidable radia- 
tion loss will occur due to Bremms- 
strahlung emitted by the electrons in 
collisions with the positive ions, and 
this sets the minimum temperature at 
which the reaction can ‘ break-even.’ 
This turns out to be about 40 million 
degrees Kelvin for the D-T reaction 
and about 200 million degrees for the 
D-D reaction. In a power-producing 
fusion reactor, temperatures of the 
order 10° °K are envisaged. Although 
the D-T reaction is the easier to pro- 
duce, the D-D reaction is the more de- 
sirable, as deuterium occurs naturally 
whereas tritium does not. 


The achievement of very high tem- 
peratures is not the only problem. 
To produce power densities compar- 
able with those in fission reactors, the 
plasma density must be about 10%*- 
10'° particles/cm*; at 10°°K this re- 
presents a pressure of about 10?-10* 
atmospheres, which poses _ difficult 
problems of containment. Further- 
more there is a minimum time for 
which the plasma must be contained, 
so that the fusion energy can pay 
back the energy expanded in the ini- 
tial heating to reacting temperature. 
This time is about 0-1 sec for the D-T 
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machines but answer still elusive 


reaction, and several seconds for the 
D-D. 

Whether the threefold objectives of 
temperature, density and time can in 
fact be achieved, and if so by what 
method, is still uncertain. 

All the principal proposals had the 
common feature that they employed 
magnetic fields to confine the plasma 
and keep it away from the walls of 
the container. Magnetic confinement 
is effective because the plasma par- 
ticles move in tight spirals about the 
lines of force, and can only move 
across the field if they make collisions 
which allow them to change from one 
line of force to another. The higher 
the temperature, the less frequent the 
collisions and the more strongly the 
plasma is ‘ tied’ to the lines of force. 
Motion along the field is still possible, 
but motion perpendicular to it is 
greatly reduced. The plasma pressure 
is then supported by the ‘ magnetic 
pressure,’ and in this way pressures of 
hundreds of atmospheres can in prin- 
ciple be contained by fields of practi- 
cally realizable size. 

The pinch effect 

Historically the first, and subse- 
quently the most investigated, approach 
is the pinch effect. When a strong cur- 
rent is passed through a plasma, the 
attraction between parallel current ele- 
ments causes the plasma to contract 
towards the axis until the outward 
pressure of the plasma balances the 
attraction of the current elements. The 
plasma pressure is then supported by 
magnetic pressure. In the steady state 
the simple relation—/* =4NkT—des- 
cribes the plasma kinetic energy which 
can be contained; here J is the cur- 
rent, N the number of ions/cm length 
of the current channel, and 7 the 
mean temperature of the plasma, The 
degree of pinch does not appear in 
the relation, and is determined by 
energy balance considerations. It 
would seem therefore that by choos- 
ing N, any desired temperature could 





be reached by passing sufficiently 
large current. 

This was the simple picture which 
inspired the early work on the pinch 
effect. The first experiments were 
started independently by Sir George 
Thomson and by Dr Peter Thone- 
mann in Great Britain, and extensive 
investigations have since been carried 
out in Britain (78), America and Rus- 
sia (2298). In all cases the practical 
approach has been to work up through 
stages of increasing size of apparatus 
passing larger and larger currents 
through rarefied deuterium gas. The 
experiments have been carried out in 
straight and toroidal tubes; whereas 
the former have the advantage of sim- 
plicity, they have the disadvantage 
that electrodes are necessary and these 
may have a cooling effect on the 
plasma and introduce undesirable im- 
purities into the discharge. The torus 
has the advantage that it offers a com 
pletely closed, electrodeless magnetic 
bottle, but it suffers from the compli- 
cation of having to be made the se 
condary turn of a transformer in 
order to induce currents in it. In both 
cases, high currents are obtained by 
charging up banks of condensers and 
discharging them rapidly into the 
apparatus. 

The main stumbling-block of the 
pinch programmes is the instability of 
the simple pinched discharge. It was 
soon discovered that as currents ex- 
ceeded a few thousand amperes, the 
pinched channel developed violent 
‘kink’ and ‘sausage’ instabilities 
which destroyed its cylindrical sym- 
metry. The plasma was brought into 
contact with the walls of the appara- 
tus, and attempts to reach high tem- 
peratures were thereby frustrated. 

The pinch projects can be divided 
into two main streams. The ‘fast’ 
pinch approach originally set out to 
create discharges which reached peak 
current before the instabilities had 
time to develop. The quasi-static pinch 
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appr ach tried to obtain long duration 
discliarges which were stabilized by 
external means. 

The fast pinch has been studied ex- 
tens:vely at Berkeley (2170), Livermore 
(106) and Los Alamos (1860) (USA,) 
in Russia (2301), and more recently 
at AWRE, Aldermaston (1460). In 
most cases the experiments have been 
performed in straight tubes, and cur- 
rents of the order 10°-10° amperes 
have been established in a few micro- 
seconds, At such rapid rates of cur- 
rent rise, the pinching plasma acquires 


a large radial velocity and a dense 
plasma is created on the axis which 
may oscillate for several ‘* bounces’ 
until it finally becomes unstable and 


breaks up. At the bounces, fusion re- 
actions occur with the emission of 
neutrons. 

In the early days, the production of 
neutrons was eagerly awaited as the 
signal that a thermonuclear reaction 
was taking place in the plasma. How- 
ever, it soon became clear that the 
neutron yield was not altogether con- 
sistent with a thermonuclear process, 
and refined measurements with nuclear 
plates and cloud chambers on the 
directional distribution of the neutron 
energies showed that in fact the 
majority of the reactions were due to 
a small number of deuterons being 
accelerated in the direction of current 
flow to many times the mean thermal 
energy of the plasma. Deuteron ener- 
gies corresponding to several times the 
potential difference across the tube 
were measured, and the origin of the 
acceleration process in still not fully 
understood. 

The number of instability neu- 
trons is in most cases large enough 
to make it impossible to determine 
whether or not a small fraction of 
the neutron yield is in fact thermo- 
nuclear. The neutrons, once so sought 
after, have now become almost an em- 
barrassment. The whole question of 
*thermonuclearity ’ has received more 
publicity than it has deserved ; at the 
temperatures reached in these dis- 
charges (probably about 10° degrees) 
the thermonuclear yields would be 
marginal anyway, and it will not be 
until very much larger yields are ob- 
tained that the question will finally 
be settled. 

The instability neutrons indicate 
that the processes occurring in the 
plasma are very much more compli- 
cated than were originally anticipated. 
Work directed towards understanding 
these processes, as much from the 
point of view of their importance in 
astrophysics as in the production of 
thermonuclear power, was reported 
from Sweden (147) and Germany 
(1056) where both experimental and 
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theoretical work is in progress. 

The fusion work at Harwell has 
been devoted to producing a quasi- 
static pinch of long duration in which 
inertial effects of plasma motion are 
not insignificant. This has lead to the 
construction of ZETA (1519) which is 
by far the largest of the operating 
pinch machines, although it was of 
great interest to learn that a close 
copy of ZETA, known as ALPHA, has 
just been completed in Russia. In 
the ZETA torus, Im bore and 3m 
major diameter, currents of up to 200 
kiloamps have been passed for several 
milliseconds, and considerable success 
in stabilizing the pinch has_ been 
achieved by applying a magnetic field 
along the axis of the current. This 
stabilization by external fields agrees 
quite well with theoretical predictions, 
and is also observed in_ straight 
pinches. 


Future for ZETA 

Measurements on the Doppler 
broadening of spectral lines suggest 
that the ion temperature in ZETA is 
of the order 10° °K. Neutrons are 
emitted for almost the entire dura- 
tion of the current pulse. After the 
experiences of the straight pinches, ex- 
treme caution was necessary before 
attributing a thermonuclear origin to 
these neutrons. One of the first ano- 
malies was that the yield was appreci- 
ably larger than would have been ex- 
pected on the basis of the spectrosco- 
pic temperature measurements ; later 
experiments confirmed that accelera- 
tion mechanisms were also at work in 
ZETA, and most of the neutrons were 
not thermonuclear. As in the fast 
pinch, their precise origin is still not 
clear. Very similar results have been 


obtained from a smaller apparatus, 
SCEPTRE III, at the AEI Research 
Laboratory, (3) Aldermaston, and 
from the American Perhapsatron S4 
(2488). 

Of the various pinch experiments it 
seems that ZETA has a considerable 
advantage on account of its great 
size. This enables a time scale of mil- 
liseconds instead of microseconds to 
be used, which is a step in the right 
direction towards a reactor. At the 
same time it is clear that, in compari- 
son with other pinch machines, ZETA 
is decidedly underpowered. Its con- 
denser bank stores only 5.10° joules, 
whereas more than 10° joules are used 
in some of the smaller machines; it 
seems therefore that ZETA is capable 
of considerable development. 

The simplest method of heating a 
plasma is the resistive dissipation of 
electrical energy. It is to be expected 
that as the temperature is increased 
and the plasma resistivity decreases, 
it will become increasingly difficult to 
continue heating in this way. A solu- 
tion might be found by combining the 
rapid heating of the fast pinch with 
the long containment of the quasi- 
static pinch, It seems that to create a 
break-even reaction, currents of about 
ten million amps would be needed ; 
such currents, although large by pre- 
sent standards, are well within the 
bounds of possibility, and the pinch 
approach, in spite of its difficulties, 
can still be regarded as promising. 


The Stellarator 

In pinch machines the current 
through the plasma serves both to 
heat and confine it. Other approaches 
aim at confining the plasma by ex- 
ternally produced magnetic fields and 


The British cylindrical shock wave machine MAGGI was represented at Geneva 

by this one-third scale working replica—MINNI. It works by discharging 200 

condensers simultaneously into a cylindrical tube. Results even on the small 

machine show that a good pinch is formed and that a burst of 10,000 to 100,000 
neutrons per pulse are produced 
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to heat it independently by other 
means, One such method is_ the 
STELLARATOR (2170), originally sug- 
gested by Professor Lyman Spitzer Jr, 
and being investigated by his group 
at Princeton University. This is essen- 
tially a completely closed magnetic 
bottle, produced by a series of coils 
wound on an endless tube. In its simp- 
lest form this would be a torus, but 
in this case a gradient of magnetic 
pressure arises out of the geometry 
and causes a drift of plasma to the 
outside wall. The first ingenious idea 
to counter this drift was to twist the 
torus into a figure of eight, so that 
each line of force, followed round the 
tube, traces out a path which brings 
it alternately on the inside and the 
outside of the tube. The plasma, mov- 
ing freely along the lines of force, 
finds itself in an alternately reversed 
magnetic pressure gradient, and its 
tendency to drift in a preferred direc- 
tion is thus cancelled. This twisting of 
the field lines is called * rotational 
transformation, and can also be 
achieved by a subsidiary spiral wind- 
ing superimposed on the main field 
winding on a simple torus. This latter 
arrangement is_ theoretically more 
stable. 

For the first stage of plasma heat- 
ing, a current is induced by trans- 


ing by magnetic pumping, in which 
the magnetic field in one section of 
the STELLARATOR is rapidly varied. By 
arranging the frequency of this oscil- 
lation to be close to one of the funda- 
mental frequencies of the plasma 
(either the collision frequency of the 
ions, or the cyclotron frequency of the 
ions in the confining field) it is 
theoretically possible to feed energy 
into the plasma, and it seems that 
this energy may be put preferentially 
into the ions rather than the electrons. 
Attempts to demonstrate this heating 
experimentally have only met with 
limited success, since radiofrequency 
power in considerable quantity is re- 
quired and losses from the plasma at 
this stage are severe. 


Aim is self-sustainment 

The present STELLARATORS are fairly 
small machines, a few inches in dia 
meter and with at total length of 
about twelve feet. A larger device, 
the C RESEARCH STELLARATOR, is at pre- 
sent under construction, and should 
be operational in 1960. This will 
employ a toroidal tube of 20 cm dia- 
meter in which a magnetic field of 
50,000 gauss is produced, The heating 
of plasma to thermonuclear tempera- 
tures by magnetic pumping is antici- 
pated, but it is emphasized that this 





Now under construction at Princeton the C RESEARCH STELLARATOR produces 

a rotation transformation of the plasma by spiral winding. In the model the 

magnetic pumping chamber can be seen to the right. The divertor for skimming 
contamination ions off the plasma is on the other side 


former action after the manner of 
toroidal pinch machines, but here the 
current is kept sufficiently low that 
instabilities do not occur. In this way, 
temperatures of about 10° °K have 
been obtained. Since resistive heating 
to higher temperatures would mean 
larger currents, and consequent insta- 
bilities, other means are needed to 
heat the plasma still further. Experi- 
ments have been carried out on heai- 
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is only an experimental machine. 
The ultimate aim of the STELLAR- 
ATOR is to produce a self-sustaining 
thermonuclear reaction. Once the 
plasma could be brought to ‘ ignition 
temperature, it could in principle be 
made to keep itself hot if the reaction 
products were trapped by the mag- 
netic field and gave up their energy to 
the plasma. The ‘thermonuclear 
flame’ could then be fed with cold 


deuterium, which it would burn a: in 
a furnace. 


Mirror machines 

This is the generic name of a var ety 
of devices which form a signific:nt 
part of the American and Rus: an 
fusion projects. In Russia they re 
known as adiabatic traps. Th 2se 
employ a cylindrically symmetrical 
magnetic bottle in which the fielc is 
stronger at the ends than at the cen-re, 
The regions of higher field have he 
property of reflecting those plasina 
particles whose velocity vectors are 
inclined to the field lines at more 
than a certain angle; these particles 
will then remain trapped inside the 
bottle until a collision scatters them 
into an angle favourable for escape. 
At high temperatures collisions are in- 
frequent and the escape angle can be 
made small if the ratio of the field at 
the ends to that at the centre is large. 
Thus although this bottle has a leak 
at each end, it can still be an effective 
container for plasma. It has the advan- 
tage of simple geometry and does not 
suffer from toroidal drifts. 

Mirror machines may be divided 
into two groups according to the 
method used to heat the plasma. These 
are compression machines and injec- 
tion machines. In the compression 
machines, reported from Livermore 
(377), plasma at low temperature is 
injected into the region between two 
magnetic mirrors, The field is then 
pulsed to a very high value (up to 
2.10° gauss in some experiments) and 
the plasma, being tied to the field, is 
compressed and heated. This is the 
radial compression method; axial 
compression can be achieved by mak- 
ing the mirror fields move rapidly to- 
wards each other. The time for which 
the hot plasma remains in the machine 
after compression is an indication of 
the temperature reached. Plasma at 
several million degrees has been ob- 
tained and held in a small volume for 
the order of a millisecond. 

A difficulty of this sort of machine 
is to reach really high temperatures in 
a single stage of compression. 
Machines with several stages have 
been built, in which after’ the first 
compression one of the magnetic mir- 
rors is ‘opened’ by decreasing the 
field in it, and the plasma is trans- 
ferred to another chamber where fur- 
ther compression takes place. The 
final stages, where large fields are re- 
quired, can then take place in smaller 
chambers. Up to three stages of com- 
pression were reported. The _ initial 
filling of the machine with highly 
ionized plasma is one of the many 
technical problems involved, and this 
is at present injected from titanium 
hydride spark sources. 
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E»>eriments on very fast plasma 


com ression were reported from 
OR? L (345) where a rapidly increas- 
ing mirror field is created by a heavy 
copper loop connected to a ‘fast’ 


concenser bank. Circular currents are 
induced in the plasma which interact 
with the field to produce the com- 
pression; this may be regarded as an 
inverse pinch effect, in which the 
currents and fields are interchanged. 
The resulting phenomena are similar 
to the fast pinch, and this machine, 
as well as a similar device called 
scyiiA (356) at Los Alamos both pro- 
duce neutrons on a microsecond time 
scale 

Perhaps the most interesting mirror 
machines are those which build up 
plasma inside their magnetic bottles 
by the injection of fast particles. The 
particles in a plasma at 10° °K would 
have a mean energy of about 100 keV. 
This energy is well within the range of 
very modest particle accelerators, 
which of course produce ordered 
beams, whereas in a plasma the par- 
ticles have random velocities, It seems 
that many problems could be over- 
come if particles could be given their 
full energy outside the bottle, and 
could be randomized inside it to form 
a hot plasma. This would avoid going 
through stages at low temperature 
where the plasma losses are greatest. 

A general feature of any static mag- 
netic bottle is that a particle fired 
into it from the outside will perform 
an orbit which brings it out again. 
This can be avoided by injecting mole- 
cular ions, and breaking them up into 
atomic ions inside the bottle; the 
atomic ions have half the gyrat:on 
radius of the molecular ions, and are 
therefore trapped. 


Two bottles 

This principle is used in the Ameri- 
can pcx (344) and the Russian OGRA 
(2298). In the pcx a beam of about 
1 mA at 600 kV is injected into a 
magnetic bottle of about a _ cubic 
metre volume, with 10 kilogauss cen- 
tral field and 20 kilogauss mirrors, In 
order to dissociate the molecular ions 
they are passed through a high cur- 
rent carbon arc inside the machine ; 
this has been found to have a very 
high efficiency for dissociation, and 
circulating currents of about 15 A of 
deuterons have been set up inside the 
machine. It is intended that the deu- 
terons should randomize their veloci- 
ties by collisions with each other, but 
at present they are lost very rapidly 
by making charge-exchange collisions 
with neutral molecules of residual gas. 
If the injected current were increased 
by an order of magnitude, or the 
vacuum improved by a similar factor, 
the machine should act as its own 
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The biggest thermonuclear machine yet, the Russian OGRA is a mirror device. 
It has only just been completed and no results were available. This is a model 
shown at Geneva 


pump and effectively remove the resi- 
dual gas. This desirable condition, 
known as ‘ burnout,’ has not yet been 
reached in the American machine. 

The Russian OGRA was of great in- 
terest as it is certainly the largest 
fusion research machine in existence. 
Its vacuum chamber is 1:4 m dia- 
meter and 12 m long, and its injector 
supplies about one ampere at 200 keV. 
The central field is 5000 gauss and the 
mirror fields are 8000 gauss. Unlike 
the pcx there is no internal are for 
dissociation of the molecular beam ; 
on account of the great size of the 
machine it is hoped that sufficient dis- 
sociation will occur first on the re- 
maining neutral atoms in the vessel 
and, when these are ‘ burnt out,’ on 
the trapped atomic ions. The OGRA 
has only just been completed, and no 
experimental results were available at 
the time of the Conference. 

The ultimate goal of the steady- 
state injection mirror machines is to 
ignite a thermonuclear flame and then 
keep it confined in the mirror fields. 
As with the STELLARATOR, the scheme 
is very attractive on paper, but until 
plasmas have been produced in which 
substantial amounts of nuclear power 
are released it cannot be said whether 
this will be a practical possibility. In 
particular, instability problems may 
arise when appreciable densities of 
plasma are contained in this way. 


Other machines 

In addition to the three main 
streams of research, the pinch, the 
STELLARATOR and the mirror machines, 
a number of other devices were des- 
cribed and demonstrated. These in- 
cluded rotating plasma machines (the 
HOMOPOLAR (373) and IXION (2383)), 
radiofrequency machines (350), and 
an ‘ion magnetron.’ these are all con- 


tributing interesting information on 
the properties of plasma under dif- 
ferent conditions. 

One remarkable suggestion which 
must be included was the ASTRON 
(USA) (2446). Here it is planned to 
generate a magnetic bottle by a sheet 
current of relativistic electrons, the 
principle being that the electrons both 
provide a closed pattern of magnetic 
field lines and also heat the plasma. 
Experiments to test this principle have 
been started, but no indication of its 
feasibility has yet emerged. 

The situation in the fusion field, as 
revealed by the papers at this Con- 
ference, seems to be that provided (a) 
instabilities can be controlled to such 
an extent that the drift of plasma 
across magnetic fields is given by 
‘classical’ diffusion theory and (b) 
the radiation from a plasma is due 
only to Bremmsstrahlung and is not 
appreciably augmented by electron 
cyclotron radiation, a thermonuclear 
reactor is possible at least in principle. 
It may be a development of the pinch 
machines, mirror machines or the 
STELLARATOR, Or more likely will com- 
bine features of them all. The possi- 
bility of some quite different approach 
proving more fruitful cannot of course 
be ruled out. 
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EACH OF THE COUNTRIES with 
well developed nuclear power pro- 
jects presented papers dealing with 
various aspects of the processing of 
irradiated fuels. This is illustrated by 
the fact that in the appropriate ses- 
sion, seventeen papers were chosen 
for verbal presentation, whilst a total 
of sixty-six papers were allocated to 
the session. The detailed discussions 
contained in some of the papers will 
undoubtedly provide much useful in- 
formation to those countries who have 
still to plan their own chemical plants 
for fuel processing. 


Criticality control 


The development of the plutonium 
separation plant which has now been 
in continuous operation at Windscale 
for six years, is described in paper 
307. A description of the complete 
process, from the fumeless dissolving 
of the uranium fuel elements, through 
the various solvent extraction stages 
(using solvent ® ~’ dibutoxy diethyl 
ether—Butex—for primary separation 
and uranium purification, and solvent 
tributyl phosphate—TBP—for pluto- 
nium purfication) to the final pluto- 
nium oxalate precipitation stage prior 
to metal production, is given and illus- 
trated with detailed flow sheets. The 
importance of criticality control in the 
chemical plant is emphasized both in 
this paper and in others. This vital 
control together with the need to pro- 
vide shielding protection from pene- 
trating gamma radiation are two most 
important factors in which the nuclear 
chemical processing plant differs from 
the conventional chemical plant. Thus 
it is pointed out that in this plant 
criticality control is achieved by limit- 
ing the quantity of plutonium at any 
particular point in the plant. In the 
continuous processes safeguards are 
achieved by controlling the concentra- 
tions of plutonium in solution and 
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arranging the geometry of the plant 
so that safe conditions are always 
achieved. 

Paper 518, from the US Savannah 
River Laboratory, is devoted to a 
detailed description of some equip- 
ment which is designed to be criti- 
cally safe. Mixer settlers, which are 
shaped in the form of slabs only 
three inches high, have been calculated 
to be critically safe for fissionable 
materials in concentrations up to 400 
grams per litre of solution. A geome- 
trically safe solvent washer in the form 
of a cylinder seven inches in diameter 
and twelve feet high has also been 
tested. Both these equipments have 
been tested and a layout in which a 
continuous washer is coupled directly 
to two mixer-settler units has been 
operated in a closed solvent circuit 
with 100 gallons of solvent. It is 
claimed that one ton of uranium, in 
nitric acid solution feed, could be pro- 
cessed per day in a similar layout. Al- 
though the equipment takes up a rela- 
tively small floor area, about six feet 
of space which is free of other equip- 
ment or neutron reflectors must be 
left above and below the slab settlers 
to maintain the slabs geometrically 
safe. The aim of this work is to de- 
sign a small processing plant for the 
high concentrations of fissionable 
materials expected from fast reactors. 


A new stainless steel 


A number of papers describe spe- 
cial instrumentation which enable the 
plants to run almost entirely by re- 
mote control. In designing such de- 
vices it has always to be borne in 
mind that it may be impossible or 
certainly difficult to repair faulty 
equipment because of high levels of 
radioactive contamination. The French 
have described (1174) a special stain- 
less steel which has particularly good 
stability in boiling nitric acid, It has 


Chemical engineering developments 


fuel reprocessing, heavy water, corrosion 


the percentage composition Ni: 20, 
Cr: 25:7, Nb: 0:2, Si: 0°16, Mn: 
0:39, C: 0:02, and has been used in 
the Marcoule extraction plant for the 
dissolving vessels and ancillary piping. 
The Marcoule plant has been designed 
to extract and purify the plutonium 
from the uranium fuel elements of the 
generating reactors Gl, G2 and G3. The 
process and earlier pilot plant studies 
at Fontenay-aux-Roses are described 
in papers 1172 and 1174. The primary 
separation process i.e. removal of plu- 
tonium and uranium from fission pro- 
ducts, is achieved in mixer settlers by 
solvent extraction using the solvent 
TBP with an organic diluent. The plu- 
tonium is subsequently separated from 
uranium by more solvent extraction 
stages and final concentration and 
purification is achieved by solvent ex- 
traction followed by an ion exchange 
stage. 

An unusual! variation of the solvent 
extraction process is suggested by AB 
Atomenergi of Sweden in paper 144. 
In place of the conventional counter- 
current partition column, it is shown 
that an adequate separation of pluto- 
nium from uranium may be achieved 
by partition between the organic sol- 
vent and a stationary water phase ab- 
sorbed on silica gel. Tracer scale ex- 
periments have been carried out, using 
TBP as solvent, but with conditions 
as in the American Purex process. It 
is claimed that the method could be 
adapted for use in a TBP flow sheet 
and would achieve, in addition to the 
separation of plutonium from uranium, 
a decontamination from zirconium in 
the primary separation stage, It would 
appear that a considerable amount of 
work has still to be done before a 
‘chromatographic column’ process is 
a suitable substitute for the counter 
current column. 

Descriptions of other aqueous 
separation processes in the USA, are 
given in papers 536, 1830, and 2409, 
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in .ussia in papers 2182 and 2216, 
anc for the Norwegian-Dutch Joint 
Esta plishment at Kjeller in Norway in 
pap r 585. 

Dourreay processes 

\s new reactors come into opera- 
tion and new fuels and canning mater- 
ials are used, however, so modified 
processes become necessary for fuel 
processing. In a comprehensive paper 
(82) from the Industrial Group of the 
UK AEA, processes are described for 
the treatment of fuel from the DIDo- 
type reactors and the Dounreay Fast 
Reactor. The Dounreay Materials 
Testing Reactor chemical plant will 
process fuel elements in which en- 
riched uranium is alloyed with a high 
proportion of a diluent, mainly alu- 
minium. The DFR chemical plant will 
process fuel elements with only a small 
proportion of stabilizing elements 
added to the enriched uranium. 

In the DMTR plant as much alumin- 
ium as possible is removed from the 
fuel element before transferring the 
fuel element to the dissolvers. Here 
great care has to be taken in criticality 
control and this is done by mass limi- 
tation. Subsequent purification of the 
uranium is by a TBP solvent extrac- 
tion process using mixer settlers. In 
the fast reactor chemical plant parti- 
cular care has to be taken during the 
cooling and subsequent dissolving of 
the fuel element. 

The process is designed so that either 
uranium or plutonium fuels may be 
treated. The fuel element, on dis- 
charge from the reactor, is placed in 
a stainless steel tube containing lead 
which melts and immerses the ele- 
ment. The lead penetrates the can and 
displaces sodium, which is carried out 
from the reactor in the element, leav- 
ing a lead sodium alloy of varying 
composition. The stainless steel tube 
is then sealed and allowed to stand 
under water for the requisite cooling 
time i.e. to allow, in particular, I-131 
and U-237 to decay. The plant is con- 
ceived as a horizontal arrangement 
based on mixer settlers and hence, as 
in the DMTR plant, the minimum of 
space and shielding concrete is used. 
In this case criticality control is based 
on plant geometry rather than opera- 
tional control. 

Flow sheets are given for both pro- 
cesses together with a description of 
important aspects of the plant. A cen- 
trifuge has been incorporated in the 
fast reactor plant to remove traces of 
solids from the active feed. This is an 
adaptation of the Sharples Supercen- 
trifuge which is designed for contin- 
uous Operation through heavy shield- 
ing and from which the filter bowl 
can be removed by remote control. 
The centrifuge requires no head of 
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For handling enriched solutions this slab mixer-settler was developed at the AEC 
Savannah River Laboratories. It is a ten-stage unit with a hold-up of 2 gallons 
per stage (paper 518) 


liquor to feed it, since the casing has 
been designed to pick up feed from 
the bottom of the casing and deliver 
it to the upper outlet after clarifica- 
tion. When the machine is not spin- 
ning, the feed builds up inside the 
casing and overflows from the lower 
outlet pipe to the next unit in the 
plant. In this way valves are not 
needed to by-pass the centrifuge. 

It is interesting to note how the 
philosophy behind the design of radio- 
chemical plants has changed as ex- 
perience has been gained in the re- 
mote control operation of plant pro- 
cesses. Thus the Windscale plant uses 
gravity flow throughout the primary 
separation plant and, as a result, an 
enormous building some 200 ft high 
had to be built to contain the columns 
and provide shielding. Now, by use of 
mixer settlers a horizontal array of 
extraction units can be utilized and 
the cost of the building is greatly re- 
duced. The use of the Sharples centri- 
fuge illustrates another development 
in the growth of this new technology. 


Thorium recovery 


In the operation of the large radio- 
chemical separation plants there is an 
accumulation of waste materials which 
consist of fissionable materials of con- 
siderable value. A description of the 
metal recovery plant at the US Oak 
Ridge National Laboratory for the 
treatment of such wastes forms an im- 
portant part of paper 536. The plant 
has been designed to recover pluto- 
nium and uranium from _ irradiated 


uranium from a number of different 
reactors, for recovery of plutonium, 
americium, and neptunium from mis- 
cellaneous sources, to treat metallur- 
gical wastes of all types, and also 
ash residues from the conversion of 
UO, to UF,. The plant is designed to 
be remotely operated but directly 
maintained, The flowsheet is basically 
the Purex process and uses TBP as 
solvent. Plutonium is finally concen- 
trated and purified by ion exchange. 
Highly active feed solutions are 
pumped by diaphragm sealed pumps 
and pulsed columns of 20-40 ft height 
are used for solvent extraction con- 
tactors. Paper 536 also described the 
Thorex pilot plant which is used for 
the recovery of U-233 from irradiated 
thorium. The maximum capacity of 
the plant is 150 kg of thorium per 
day with thorium metal slugs. As in 
the metal recovery plant the Thorex 
pilot plant is remotely operated and 
directly maintained. Major equipment 
is individually shielded by either 
cubicles or unit shielding, is easily 
accessible from a _ non-radioactive 
area, and is provided with built-in 
decontamination facilities. The basic 
process consists of extraction and co- 
stripping of the uranium and thorium 
in the first cycle followed by partition- 
ing in the second cycle. The solvent 
is TBP and the uranium is finally puri- 
fied by ion exchange. 

The dissolution and feed prepara- 
tion for aqueous radiochemical separa- 
tion processes is discussed in consider- 
able detail in paper 1930 which repre- 
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sents contributions from many firms 
under contract to the USAEC., It deals 
only with mechanical processes for 
clad fuel elements and fuel assemblies 
and new laboratory and pilot plant 
development data for the preparation 
of satisfactory aqueous feeds for sol- 
vent extraction processes. A distinc- 
tion is drawn between * disassembly ’ 
which refers to separation of struc- 
tural components from active indivi- 
dual components of the complete fuel 
element, and ‘ dejacketing’ which re- 
fers to the removal of cladding metal 
used to contain the fissionable or fer- 
tile material. The former is usually 
carried out by long-handled tong 
operation, milling or hacksawing 
under water. Dejacketing is a more 
difficult operation and can involve 
rolling, milling, extrusion, abrasive 
cutting, electrical discharge cutting and 
shearing. Each of these methods is 
discussed. Another method of dejack- 
eting is, of course, dissolution and a 
considerable amount of experimental 
work is described for aluminium, zir- 
conium, Zircaloy and stainless steel 
jackets. One particular aspect which 
has been extensively investigated is 
the dissolution of a stainless steel bear- 
ing fuel element ; for instance the fuel 
plate for the Army Package Power 
Reactor is made up of enriched 
uranium dioxide sintered with 88 wtpc 
of stainless steel, and clad in stainless 
steel. A ‘continuous Darex’ process 
in which the fuel is dissolved in aqua 
regia of composition 5 N HNO,—2N 
HCl, has been developed to deal with 
this problem. Up to now only small 
scale experiments have been attempted 
with irradiated fuels, but pilot plants 
are now under construction. 


High temperature processing 

In addition to the papers on aque- 
ous processes there were several im- 
portant contributions on solid or high 
temperature processes. Thus develop- 
ments in pyrometallurgical processing 
and fluoride volatility processes in the 
USA are described in papers 1795, 
1830 and 2388 and work in the UK 
on the possibility of processing reac- 
tor fuels with liquid metals in paper 
32. 

The feasibility of pyrometallurgical 
process is based on three main con- 
siderations: 

1. The processes are often envi- 

saged for fuels from fast reactors, 

where the impurity specifications 
are considerably relaxed by com- 
parison with thermal reactors. This 
is because neutron capture cross 
sections in the higher energy region 
are generally low and there are no 
specific poisons with high resonance 
absorption in this region, Pyro- 
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metallurgical processing hence be- 
comes a problem more of removing 
metallurgical poisons i.e. impurities 
which may be present in sufficient 
quantities to upset alloy systems or, 
in the case of liquid fuels, lead to 
dilution or segregation. 


2. The limitations in aqueous 
methods, that are due to the effect 
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A modified version of a commercially 
available centrifuge, this ‘ eversafe’ 
model is used at Dounreay for separ- 
ating the small amount of solids in 
enriched solutions (paper 82) 


of radiation in the processing of 

high burnup fuels are not experi- 

enced in pyrometallurgical proces- 
sing. 

3. Pyrometallurgical plants are ex- 

pected to be compact and hence 

their capital cost should be con- 
siderably less than for an aqueous 
processing plant. 

These factors are discussed in 
papers 1830 and 1795. In the latter, 
the following operations are dis- 
cussed: melt refining, solvent extrac- 
tion using fused salts or liquid metals, 
fractional crystallization from low 
melting solvents, and electrorefining. 
Melt refining appears to have been 
most extensively investigated and it 
has been decided to incorporate this 
process into the fuel cycle of the US 
experimental breeder reactor, EBR-2. 
The method depends on the volatility 
of some fission products and the sta- 
bility of the oxides of other fission 
products to separate these elements 
from the fuel alloys. Systems of en- 
riched uranium, uranium-plutonium 
and fuel alloys which are basically 


plutonium (i.e. plutonium-cobalt ind 
plutonium-iron alloys) have beer. in- 
vestigated. Much of the work has in- 
volved synthetic alloys with ac ded 
fission products (known as ‘fissiu n’) 
as Starting material of high bu: up 
was not available. A serious prob.em 
has been the choice of a suit: ble 
crucible for the refining process. 

Another type of process which as 
been extensively investigated for 
several years is that of fluoride v.\la- 
tility. US papers 535, 539 and 2388 
discuss recent developments in ‘his 
field and the latter paper summar:zes 
the work of a number of laboratories. 
In this process all the constituents of 
the spent fuel are converted to the 
fluorides and then advantage is taken 
of the difference in volatility of the 
fluorides, e.g. UF, may be recovered 
by distillation from the fission pro- 
ducts and the diluting material fluor- 
ides. Attempts have been made to 
apply the process to _ plutonium- 
uranium alloy systems and to metallic 
alloys of enriched uranium-zirconium. 
In the latter, the alloy is dissolved in 
molten sodium fluoride - zirconium 
tetrafluoride at 600°C and _ hydro- 
fluorinated to convert both uranium 
and zirconium to tetrafluorides and 
then the uranium is fluorinated to 
hexafluoride. 

Reference has already been made 
to the use of solvent extraction using 
fused salts or liquid metal. This is 
discussed in paper 1795 with particu- 
larly reference to the processing of 
the uranium-bismuth fuel of the US 
liquid metal fuel reactor. Another 
application of this method is described 
in UK paper 32. Here it is shown that 
plutonium and a number of fission 
products may be removed from 
molten uranium by partition with cal- 
cium. Distribution coefficients for the 
fission products and several other 
likely impurities have been measured. 
It is suggested that a process may be 
envisaged in which the fuel is melted 
with calcium, the latter poured off, 
and the surface rewashed with clean 
calcium. 


Heavy water production 

From the papers submitted, three on 
heavy water production (1065, 1649 
and 2323), dealing with work in the 
USA, India and the USSR respec- 
tively, were selected for verbal pre- 
sentation. Paper 1065 describes the 
process for the concentration of heavy 
water at the US Savannah River 
Plant. The maximum production of 
1,000,000 1b of heavy water per annum 
is extracted from natural water by a 
combination of three processes: 


1. Dual temperature exchange be- 
tween hydrogen sulphide and water. 
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l e product from this stage yields 
ai out 15 pe D,O. This part of the 
process is unfortunately not des- 
crived, because of an injunction in 
the US courts. 

2. Vacuum distillation, which in- 
creases the concentration to 90 pc 
D.O. 

3. Electrolysis, which takes the con- 
centration up to 99-5 pe D.O. 


The vacuum distillation and electro- 
lysis stages are discussed in some de- 
tail. The production cost when the 
plant works at full capacity and ex- 
cluding capital charges is about $14 
per Ib (the selling price is $28 per 
lb). The authors also examine the pos- 
sibility that a distillation process 
operating at one or two atmospheres 
absolute pressure, with vapour com- 
pression, might be worth reconsider- 
ing. 

Paper 1649 describes Indian plans 
to provide 14 tons of heavy water per 
annum as a by-product at a fertilizer 
factory to be situated close to the 
Bhakra Nangal Dam scheme in the 
Punjab. After a consideration of vari- 
ous processes, it was decided to carry 
out the initial enrichment by electro- 
lysis and final enrichment by low tem- 
perature hydrogen distillation. It is 
hoped to produce heavy water at a 
cost not exceeding the equivalent of 
$28 per Ib. 

It is very interesting to see that 
Constructors-John Brown have just 
issued a pamphlet in which they des- 
cribe a plant that produces heavy 
water by a process based on a com- 
bination of ammonia exchange and 
ammonia distillation, as an ancillary 
to production of synthetic ammonia. 
It is economic to produce relatively 
small quantities of heavy water in this 
plant and it is claimed that the cost 
of producing 28 metric tonnes of 
heavy water annually in their plant is 
only £17 per kg (equivalent to $21°5 
per Ib). 


Corrosion of reactor materials 

As reactors are designed to operate 
at higher temperatures and neutron 
fluxes and as new types of fast re- 
actors are developed, so does the prob- 
lem of corrosion become more and 
more important. There were many 
papers describing different aspects of 
the problem distributed throughout 
several conference sessions. The more 
important work in this field was re- 
ported in sessions E14, E19 and E21. 
Here were found papers on the com- 
patibility of fuel, coolant, moderator 
and canning material and, in particu- 
lar, much discussion on fuel canning 
materials. Thus papers 194, 1993 and 
2044 dealt with the corrosion of zir- 
conium alloys. Zirconium is of par- 
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ticular interest for canning, because 
of its good thermal properties and low 
neutron absorption cross section. Paper 
1944 described Chalk River experience 
on the stability of Zircaloy—2 (zir- 
conium aluminium alloy) and alumin- 
ium-nickel-iron alloys in water at high 
temperatures. Although much work 
has already been published about 
Zircaloy—2, the purpose of the Can- 
adian paper is to try and establish the 
mechanism of the infrequent failures 
of specimen Zircaloy-sheathed UO, 
fuel elements, It was suggested that 
failure occurs as a consequence of an 
interruption of heat flow through the 
sheath; this causes the temperature 





A US Darex (Dilute Aqua Regia) 
flowsheet for reprocessing stainless 
steel/uranium fuel (paper 1930) 


of the sheath to rise to a point where 
‘hydriding attack’ can occur at the 
inner surface. 

Another important aspect of the 
corrosion problem was discussed in 
paper 46 from Harwell. One of the 
important factors governing the design 
of a successful homogeneous aqueous 
power reactor is the choice of a suit- 
able material for the reactor vessel. 
The two-zone 100 MW reactor, as 
envisaged at Harwell, might have an 
enriched uranyl salt solution in the 
core vessel and be surrounded by a 
thorium blanket. The core vessel is 
therefore subject to corrosion at tem- 
peratures of up to 300°C by aqueous 
fissionable material on the inside and 
an aqueous fertile material on the 
outside. From Oak Ridge results it 
can be shown that a Zircaloy—2 
vessel will have far too great a cor- 
rosion rate under such conditions. 
There was a useful discussion of the 
various factors effecting such corro- 
sion and a number of alternative 


materials for the core vessel were 
suggested. They include the possibility 
of lining the vessel with a material 
more resistant to corrosion than zir- 
conium, and also the use of other 
alloys of zirconium. The problem is 
however still not solved and further 
experimental work is envisaged to 
attempt to reduce the corrosion rates. 
In this connexion paper 1993, from 
Oak Ridge, describes recent advances 
in the metallurgy of zirconium. 

A comprehensive paper (2044) 
from the USSR gives the results of 
extensive experiments to investigate 
the corrosion of many zirconium 
alloys in water, steam and gases at 
elevated temperatures. Many of the 
samples used in these experiments 
weighed from 10-100 kg. The follow- 
ing criteria were used in judging the 
corrosion resistance of the alloys: 
change in weight of specimens with 
time, i.e. rate of film growth; con- 
tinuity of the film and its adherence 
to the metal surface; ability to form 
a new film in those spots where it 
has become detached. A variety of 
alloys (with niobium, iron, tin and 
nickel) were recommended by the 
authors for their corrosion resistance 
in water and steam from 300-400°C. 
None of the experimental work has 
been repeated, however, in the pres- 
ence of the radiation conditions to be 
expected if the alloys were used as 
reactor constructional materials. 
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Reactor physics and core calculations 


new fundamental data and methods reported 


Nuclear data and reactor theory 

A variety of experimental measure- 
ments of neutron properties in reac- 
tors were dealt with in this session 
including measurements of reactor 
spectra by time of flight and integral 
measurements in many types of reac- 
tor cores, neutron temperature mea- 
surements, the slowing down of neu- 
trons at low energies and the neutron 
spectrum emerging from a moderator. 
The problem of neutron thermaliza- 
tion at low energies was considered in 
both light and heavy media as well 
as the calculation of thermal neutron 
spectra and the calculation of trans- 
port cross-sections. 

Paper 10 describes measurements of 
the neutron spectrum by _ integral 
methods (measurements of relative re- 
action rates of complete and cadmium 
shielded spectra) and by a pulsed 
source method. Measurements were 
made on a large number of critical 
or sub-critical assemblies including 
graphite-moderated lattices, light and 
heavy water moderated lattices as well 
as comparison between the spectra in 
pure moderators. Thermal and epi- 
thermal fission rates were also com- 
pared for U-233, U-235, Pu-239. 

A survey of recent work in neutron 
thermalization (1839) covers the fac- 
tors which affect the spectrum in a 
reactor, neutron moderation for vari- 
ous moderators in the region where 
the chemical binding effect is impor- 
tant, reactor experiments on spectra 
and new methods of calculation of 
spectra. 

A method of calculating the neutron 
spectrum, illustrated by the case of an 
infinite homogeneous medium with 
graphite as moderator, is given in the 
British paper 18. This gives a method 
of calculating the neutron scattering 
law including the case for a crystal- 
line moderator and discusses the solu- 
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tion of the Boltzmann equation for 
the neutron flux. 

A paper from India (1638) gives a 
method for calculating the transport 
cross-section as a function of neutron 
energy in the thermal region for 
moderators using the general theory 
of the interaction of thermal neutrons 
with matter. 


Reactor theory and computing methods 

In this session the papers were con- 
cerned either with analytical methods 
of solution of the transport equation 
for different problems or with numeri- 
cal methods of solution. 

One of the main papers (2386) des- 
cribes a particular method of solution 
of the transport equation which is a 
combination of analytical and numeri- 
cal methods. It outlines the theory 
of the S, method and then compares 
results obtained by this method with 
other methods and exact solutions of 
problems where they are known. The 
types of problem considered are homo- 
geneous and inhomogeneous, the in- 
homogeneous problems dealing with 
different types of neutron source. 
Finally, there is a general discussion 
of the types of reactor problem for 
which this method has been satisfac- 
torily used and a discussion on the 
computing time required for a typical 
reactor calculation using an electronic 
computer. 

Two further papers (1691, 1692) 
consider a method of improving ele- 
mentary diffusion theory by substi- 
tuting a new formalism for solving 
constant velocity multiple scattering 
problems. This is opposed to the well- 
known method of using corrections 
derived from transport theory consider- 
ations. The method is used to illustrate 
the solution of a variety of problems. 
The albedo or half-space problem is 
completely evaluated and the result 
compared with four other methods of 


solution, including elementary diifu- 
sion theory. Other problems whose 
solutions are. discussed are the reflex- 
ion and transmission of radiation by a 
plane slab, an isotropic source in the 
centre of a sphere and a sphere with 
a uniform isotropic source distribu- 
tien, 

The well known discrepancy be- 
tween the measured and calculated 
values for the neutron age in hydro- 
genous media is reviewed in_ the 
American paper 2375. It points out 
that little has been done towards re- 
solving this discrepancy since the first 
Geneva conference. Different methods 
of measuring the neutron age are dis- 
cussed along with possible sources of 
error, but it is concluded that the 
measurements are accurate to a given 
quoted error. The exact methods of 
calculation are also reviewed and 
again they all give substantially the 
same result as each other, but a value 
different from that measured experi- 
mentally. It is concluded that the rea- 
son for the discrepancy remains un- 
resolved. 


Reactor physics 

An extremely comprehensive and 
detailed paper (39) describes experi- 
ments and gives results of a large 
number of investigations with the zero 
energy fast reactors ZEPHYR and ZEUS. 
Many of the results reported for 
ZEPHYR are for the reactor when the 
original uranium envelope had _ been 
replaced by a graphite envelope. The 
types of measurement made are reac- 
tivity measurements, reaction rate dis- 
tributions, reaction cross-sections at 
the core centre, integration of reaction 
rates, perturbation measurements, 
measurement of the delayed neutron 
fraction and the determination of the 
prompt neutron lifetime. For ZEUus, 
which was similar in dimensions to the 
Dounreay fast reactor, measurements 
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are .-ported of the critical mass for 
different core arrangements. In addi- 
tion .milar experiments are reported 
to those performed on ZEPHYR. 

Tic state of methods of calculation 
fo! st reactors with special refer- 
ence ‘o multigroup methods, is sum- 
marized in the American paper 637. 
The analysis of a number of different 
types of experiment is described in- 
cluding the critical mass, neutron 
spectra, prompt neutron lifetime, effec- 
tive fraction of delayed neutrons, and 
exponential experiments. In addition, 
present day calculations on fast reac- 
tors are compared with those of three 
years ago and are found to be re- 
markably similar. Paper 592, also 
from the US, lists a large number of 
properties (kinetic, spectral, and per- 
turbation) of a number of elementary 
fast reactors of different fissionable 
materials and composition, 

Stability studies on a typical fast 
reactor, EBR-I, are discussed in 1845, 
Two particular dynamic characteris- 
tics are investigated: that due to the 
presence of a prompt positive power 
coefficient of reactivity which is out- 
weighed by a slower negative coeffi- 
cient, and an oscillatory instability 
which appears under abnormal operat- 
ing conditions. Although the analysis 
given is not considered to be satis- 
factory, the positive coefficient of re- 
activity is thought to be caused by 
bowing of the fuel rods and so can 
be eliminated by proper design. In 
addition the instability is due to the 
presence of the negative coefficient 
of reactivity, occurring at some thres- 
hold power. A further analysis of the 
stability of fast reactors is contained 
in 1462, again with special reference 
to EBR-I. 

The problem of a fast reactor acci- 
dent is considered in 431. Two main 
types of case are considered of prompt 
neutron excursions. The first is where 
the core structure is intact at the in- 
ception of the burst and the second 
where the core structure has lost its 
rigidity and is collapsed due to high 
temperatures and/or external forces. 


Heavy water lattices 


The theory and measurement of lat- 
tices containing uranium and water 
were also described in this session, the 
main emphasis being on the use of 
heavy water as a moderator. 

Two further papers, 212 and 590, 
deal specifically with natural uranium 
heavy water lattices. The first one, 
from Canada, describes and lists a 
large number of measurements of the 
buckling of natural uranium heavy 
water lattices and in addition gives 
results of five structure measurements 
on these lattices. These results are 
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compared with diffusion theory cal- 
culations and a good correlation is 
obtained. The second paper is Ameri- 
can and surveys the reactor physics of 
natural uranium heavy water lattices. 

Paper 1841 summarizes methods of 
calculation and experimental results 
for light water moderated lattice with 
enriched uranium fuel. It is shown 
that the simple methods of calculation 
which are satisfactory for many other 
types of lattice are not accurate when 
light water is used as a moderator 
and so more refined methods have to 
be developed. 


Beryllium moderators 

The standard core of the MTR oper- 
ates on 93 pe enriched U-235. Experi- 
ments have been performed to test 
the operation of the reactor using 20 
pe enriched uranium and these are 
described in 1034, It is concluded 
firstly that the operating behaviour is 
essentially the same with the 20 pc as 
with the 93 pc enriched uranium ; 
secondly, the higher ratio of fast to 
thermal compensates for the lower 
flux per MW;; thirdly, that fuel ele- 
ment fabrication technology can pro- 
duce elements capable of withstand- 
ing the full rigors of MTR core condi- 
tions ; and fourthly, for research reac- 
tors, 20 pe enriched uranium can be 
considered equivalent to 93 pc en- 
riched uranium if some care is experi- 
enced in locating beam holes to avoid 
the resonance structure in the spec- 
trum caused by U-238. 

Beryllium-moderated, enriched-ura- 
nium, zero energy reactors are dis- 
cussed in the Russian paper 2146. The 
experiments were designed particularly 
to determine the critical mass of ura- 
nium, the lattice parameters and the 
effect of the Be-9 (n,2n) Be-8 reaction 
on the multiplication constant and the 
effect of the Be-9 (Y,n) Be-8 reaction 
on the kinetics of the reactors. The 
uranium contained 10 pe U-235 and 
experiments were performed in the 
range of beryllium/U-235 atoms of 
1777 to 3112. Three types of system 
were studied: a critical system of core 
and reflector, a critical system with 
water in the fuel elements (76 hydro- 
gen to 1 U-235 atoms), and a critical 
system containing additional water. 
All these systems were studied with 
and without a reflector of beryllium 
and a reflector of beryllium and 
water. 

The reaction Be-9 (n,2n) Be-8 is 
given special consideration in 2276. It 
gives a method for calculating the 
effect of this reaction on the multipli- 
cation constant in a reactor. The 
method is similar in principle to that 
used to calculate the fast fission factor 
in a reactor and for a typical case 
the authors find an increase in the 


multiplication constant of 6°8 pc. This 
compares with the value quoted in 
the previous paper of 12 pc. 

Graphite and light-water-moderated 
uranium and near uranium lattice 
measurements are reported in the 
British paper 40. This analyses the re- 
sults in a different way from that pre- 
viously used for this type of experi- 
ment, a two group analysis being used. 
Particular attention is paid to the 
averaging of diffusion parameters over 
the neutron velocity distribution. For 
the epithermal neutron group a defin- 
ite velocity distribution has _ been 
chosen, The variable in the diffusion 
equations is defined as the reaction 
rate of 1/V detector having unit 
cross-section at a neutron velocity of 
2200 m/s. Also the slow neutron group 
includes only those neutrons which 
have a Maxwellian velocity distribu- 
tion. 


Up to date little consideration has 
been given to enriched uranium gra- 
phite moderated systems. Paper 2408 
gives details of a series of measure- 
ments in America on such types of 
lattice. Highly enriched uranium was 
used in the form of foils and the criti- 
cal masses found for a number of dif- 
ferent arrangements. The range of 
graphite to uranium atoms varying 
from 300 to 2500. The results of the 
experiments were analysed by these 
different methods. 
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Applications of radioisotopes 


—the changing 


IN VIEW of the opportunity for the 
discussion of these topics presented 
by the UNESCO conference in Paris 
last year it is not surprising that the 
papers covering the field at the 
Geneva meeting include relatively 
little really novel material. Neverthe- 
less, even if the very numerous medi- 
cal and biological contributions are 
excluded, about 8 per cent of the 
papers accepted deal with the indus- 
trial uses of radioactive substances. 
The changing focus of industrial in- 
terest is reflected in the larger pro- 
portion of papers devoted to the study 
of the effects of ionizing radiation 
and the vigorous attempts that are be- 
ing made to find economic applica- 
tions of radiation in the chemical in- 
dustry. Indeed, almost as many papers 
are devoted to this topic as to the 
other industrial uses of radioactive 
substances. 


Induced mutations 

Although this review deliberately 
excludes the bulk of the medical and 
biological studies, two aspects have 
been included because of their growing 
economic potential. Biological studies, 
especially those involving the larger 
organisms, necessarily proceed more 
slowly than the majority of physical 
investigations. The study of the muta- 
tions induced by irradiation began 
many years ago; the economic possi- 
bilities of plant breeding using the en- 
hanced rate of mutation induced by 
irradiation were recognized as soon 
as radioactive materials became so 
cheaply available. Not unexpectedly 
such investigations have a particular 
appeal to the less developed countries 
where new strains of the principal food 
producing plants, if more suited to 
local conditions, might raise the stan- 
dard of living more rapidly than any 
other development. Experiments on 
rice, wheat and other crops are lengthy 
investigations and as well as requiring 
numerous operators must be conduc- 
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“sus of industrial interest 


ted in the appropriate environment. 
For these reasons the Brookhaven 
National Laboratory (USA) initiated 
a worldwide cooperative research pro- 
ject a few years ago and some of the 
results of these studies were presented 
at Geneva (2172). Already, for in- 
stance, a valuable new variety of 
wheat has been developed. 

The other biological field still com- 
manding considerable industrial atten- 
tion is sterilization and food preserva- 
tion. Again such studies take a great 
deal of time especially since the pro- 
duct must ultimately be proven on 
human subjects. Systematic studies of 
the effects of radiation on a variety of 
foodstuffs are proceeding steadily and 
various 


summaries of results were 
presented. Unfortunately a few of the 
most attractive possibilities seem 


unlikely to mature, either for econo- 
mic reasons or because of undesirable 


side reactions spoiling the palatability 
of the product. These difficulties are 
especially relevant to all fatty mate- 
rials. 


Sterilization projects 

The scope of the radiation steriliza- 
tion in the pharmaceutical industry 
has been explored at Wantage in a 
project sponsored by the Association 
of the British Pharmaceutical Indus- 
try in conjunction with the Depart- 
ment of Pharmacy, University of 
London. For the sterilization of phar- 
maceutical products relatively large 
doses are necessary. At 2-5 X 10'ra 
variety of antibiotics could be steril- 
ized without appreciable loss _ of 
potency. On the other hand organo- 
metallic pharmaceuticals such as the 
mercurials generally suffered exten- 
sive radiolysis. Many other products 
became discoloured with more or less 
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Shown at the scientific exhibition by Japan, these rice mutants show considerable 
morphological changes induced by irradiation of the seeds using P-32 
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mo ication of efficacy. Clearly fur- 
the: studies will be necessary to 
del. cate the applicability of radia- 
tior sterilization (276, 807. 2071). 

oughly 50 papers deal _ th radia- 
tion. effects and attempts to utilize 
radiation in industri) che, ical syn- 
thesis. so that only a few noteworthy 
features in this group can be described. 
In dosimetry attention is directed to 
simple methods of 1 easurement of 
laree doses, accumula‘ed at a high 
dose rate. The advant ges of calori- 
metric methods of precision measure- 
ments have been emphasized and a 
particularly valuable review was pre- 
sented by Koch et al (1927). 


Work with plastics 

The effects of radiation on polymers 
and plastics and, in particular, the use 
of radiation to effect copolymeriza- 
tion and graft polymerization con- 
tinues to receive the greatest attention. 
Indeed the industrial possibilities of 
radiation-induced graft polymerization 
seem likely to provide one of the first 
economic applications of ionizing radi- 
ation—methyl methacrylate—polysty- 
rene emulsions is but one promising 
example. An_ interesting example, 
teflon-polystyrene, studied by the dis- 
coverer, Magat, and a_ colleague, 
Chapiro, is shown in Fig 2. It is no 
exaggeration to observe that this is 
the only application of radiation with 
immediate industrial promise (65, 821, 
826, 948, 963, 972, 962 802, 804, 2085, 
1346, 1350, 2294). 

The synthetic possibilities of ioniz- 
ing radiation have not been neglected 
although it is observed that a radiation 
initiated synthesis will only be econ- 
omically possible either in the few 
cases with abnormally high G values 
—that is to say radiation initiated 
chain reactions—or if the product can- 
not be produced economically in any 
other way (76). Reactions with high G 
values include, besides polymeriza- 
tions, halogenations and oxidations. 
Generally the products have proved to 
be the same as those obtained by 
thermal reaction although the radio- 
oxidation of benzene is reported to 
give a different distribution of pro- 
ducts (65, 795, 797, 824, 962, 1287). 

A number of new fundamental 
studies in radiation chemistry are re- 
ported, attention generally being 
focused on the radiolysis of organic 
molecules (51, 1122, 1516, 2384, 2293). 
One result of particular interest is the 
high radiation stability of the fluoro- 
carbons compared with the chlorine, 
bromine and iodine compounds (922). 
The techniques of investigation of 
radiolysis have also received attention. 
The value of tracer methods is empha- 
sized (928) and the application of elec- 
tronparamagnetic resonance methods 
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to the radiolysis of organic solids is 
described (113, 2079). This latter tech- 
nique seems likely to prove of gr -t 
value. 

At best perhaps 2 pc of the ene: y 
released in a reactor might be stored 
as chemical energy so that radiation 
chemistry does not provide us with a 
means of tapping nuclear power more 
efficiently (76, 1125). However, certa n 
branches of the chemical industry, for 
example, the pulp and paper industri. 
are large consumers of low grad: he 
which can be provided very easilv ev: 4 
by primitive reactors. The econom:c 
aspects of combining reactor + 
tion for isotope production wit i 
sale of low grade heat for chen. | 
processing is now receiving serious 
attention (76, 495). 

The few papers on activation analy- 
sis (796, 841, 858, 936, 953, 984, 2023), 
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peak whose height is proportional to 
its concentration. As yet elements of 
adjacent atomic number cannot be 
resolved. 

As far as the production of radio- 
active materials is concerned, beyond 
a few reviews of conventional pro- 
cesses attention is divided between 
large-scale separation plants for spe- 
cific fission products such as Cs-137 
(831, 1768, 1235) and new methods of 
producing complex molecules tagged 
with C-14 or T. Wolfgang’s self-label- 
ling technique for tritiated compounds 
has now been extended to C-14 com- 
pounds: indeed, the radiation can be 
provided by another species, conveni- 
ently Kr-85. Thus if an organic com- 
pound is mixed with Kr-85 and “CO: 
or “C:H:, radiocarbon derivations of 
the organic compounds are produced. 
The nature of the products and their 





These teflon-polystyrene graft polymers were produced by French workers using 
gamma irradiation. Initial teflon specimen is on the left and those to the right 
contained increasing amounts of polystyrene, as shown by the figures 


contain little that is new but a method 
for the estimation of small amounts 
of oxygen in metals, proposed by 
Smales a few years ago, has been 
utilized at Oak Ridge (927). The 
method is unusual in that the activa- 
tion takes place through an interme- 
diary. The metal is mixed with lithium 
fluoride and then irradiated with neu- 
trons. Tritons released by the (n,t) re- 
action in the lithium produced F-18 
by the (t,n) reaction in 0-16; the 
activity of the F-18 is then measured, 
if necessary after a chemical separa- 
tion. | ppm of oxygen can be deter- 
mined in the surface of the metal. 
A novel and potentially most valu- 
able non-destructive method of analy- 
sis was described in a paper by Cook 
et al (285). It consists in fluorescent 
excitation of the characteristic X-radi- 
ation of the sample by irradiation 
using an orbital electron capturing iso- 
tope. The fluorescent radiation is then 
examined with a proportional counter 
and pulse analyser. Each element pre- 
sent in the sample then produces a 


relation to the initial material have 
been investigated in order to exploit 
the process for the production of 
known labelled compounds. In most 
cases several radioactive products are 
produced and the proportion of radio- 
carbon in any one is small. However 
specific activities are high and very 
complex labelled molecules may be 
obtained in this way (284, 724, 798, 
848, 1426 and 935). Labelling by re- 
coiling T and C-14 atoms also re- 
ceived close attention and a better 
understanding of their complex reac- 
tions has been obtained. 


Thickness and level gauges 


A number of countries presented re- 
views of their application of radio- 
active substances (166 Sweden, 216 
Canada, 985 Germany, 1101 Finland, 
1231 France, 1321 Japan, 2308 USSR, 
1431 US Petroleum Industry). For the 
most part they describe elaborations of 
existing procedures. 

Radioactive thickness gauges, levels 
and similar devices are reported in a 
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number of papers (125, 827, 981, 982, 
983, 1794, 2235, 1349, 1347, 1435, 
2120). A new departure is the use of 
soft X-ray scattering gauges to mea- 
sure the weight per unit length of 
wires and the thickness of coatings 
on curved surfaces. Such a device re- 
quires a soft X-ray source for which 
a pure K-capturing isotope such as 
Fe-55 is suitable (285). An essentially 
similar device using a Co-60 source 
fitted in a sonde behind a counter 
screened from direct radiation is de- 
scribed for the study of the density 
of earth strata in the coal industry 
(283). A neutron scattering gauge for 
moisture determinations as well as an 
alpha thickness gauge for paper is 
also described. 


Widespread industrial use 

The remainder of the industrial ap- 
plications cover nearly 60 papers. The 
USSR and some Eastern European 
countries describe a number of studies 
in the heavy metallurgical industries. 
A Hungarian contribution reports on 
a study of the liquid profile in a con- 
tinuous steel casting installation using 
saturated tungsten spheres to deter- 
mine the depth and P-32 to give the 
complete profile (2240). Numerous 
flow, mixing and diffusion studies are 
included and their simple applications 
are indeed probably the most valuable 
of the present applications of the 
radioactive tracers (167, 803, 817, 834, 
987, 1348, 1820, 1981, 2218). A par- 
ticularly interesting special applica- 
tion of this concerns the flow of sur- 
face water in different parts of Israel 
and very valuable information has 
been obtained by tracer methods 
(1613, 1614). Another unusual, but 
methodologically related, study con- 
cerns the measurement of the multipli- 
cation of bacteria by tracers (820). 

Another small group of papers re- 
port on information that is of such 
widespread importance that it is diffi- 
cult to assess its value. Events of the 
last four years, in particular thermo- 
nuclear explosions, have provided the 
meteorologist and the oceanographer 
with a remarkable opportunity to learn 
more of the movement of air and 
water in these two regions. The equili- 
bration of the newly released T and 
C-14 with the surface reservoirs of 
these elements is now being studied 
and a great deal of valuable informa- 
tion is being obtained (403, 176, 1536, 
1626, 1982, 2128, 2370). Thus the pre- 
viously supposed slow exchange of the 
atmospheres of the northern and 
southern hemispheres has been con- 
firmed. A number of quite unexpected 
activities are appearing in minute 
amounts in rain water—for example 
Mn-54 and Co-57 (2285). 
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Measurement of thickness of pipe walls or sheet materials when there is access 

to one side only can be performed with a gamma backscatter gauge. The measur 

ing head of this British model using cobalt-60 is fitted with a spring-loaded 
applicator jig to ensure accurately repeatable position of the head 
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by DENIS TAYLOR, PH.D., M.1-E.E., F.INST.P. 


Plessey Nucleonics Ltd, Northampton 


Nucleonic and reactor instrumentation 


— not a big section, but emphasis on health and safety 


INSTRUMENTATION did not fea- 
ture as an independent session at the 
conference, but papers were included in 
the various specialist sessions, e.g. those 
concerned with reactor kinetics and 
control, reactor safety, radiological pro- 
tection, dosimetry, prospecting, etc, 
which discuss2d the instrumentation 
aspects of the problem. This report out- 
lines some of these instrumentation 
developments, and comments as to how 
they fit into the general picture. 


Health physics instrumentation 
Whole-body monitors using either 
high-pressure ionization chambers or 
scintillation counters were the subject 
of a number of papers. This tech- 
nique of measurement has developed 
into a very valuable health physics 
tool. It is also apparent that these 
monitors provide useful tools in con- 
nexion with problems of reactor safety 
and waste disposal, particularly in 
cases of litigation over alleged instan- 
ces of contamination. In its simplest 
form the apparatus comprises one 
large crystal (say, of the order of 
5 in. diameter) and a photomultiplier 
counting circuit. In this event pulse 
analysis will permit identification of 
the emitters and collimation will per- 
mit their location, The British paper 
1476 and 762 from the US describe 
the apparatus actually employed and 
discuss the type of performance ob- 
tainable with this low-intensity spec- 
trometry. Employing these techniques 
it has been possible to _ identify, 
locate and measure less than 10° 
curie of gamma-ray emitters in the 
body and follow the transport of 
these elements from one organ to 
another. As a result accurate data has 
been obtained on the elimination rates 
from the whole body, on clearance 
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rates from particular organs such as 
the lungs, and on the fraction of the 
total inhaled quantity retained in the 
body. 

It should be noted that normal un- 
exposed humans contain at least two 
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Fig 1 Gamma ray spectrum from 
human subject containing tellurium- 
129 


radioactive elements and so a meas- 
urement which gives only the total 
number of gamma rays leaving the 
body per minute without information 
as to their energies is useless. It is 
for this reason that the sodium iodide 
scintillators tend to be used in most 
modern whole-body monitors because 
of the very good energy resolution 
which this scintillator provides. The 
two radioactive elements normally 
present even with the unexposed per- 
sons are K-40 and Cs-137, and hence 
the analysis of in vivo spectra to 
determine the contamination present 
in the case of exposed persons in- 
volves subtracting the subjects’ Cs 
and K spectra from the subjects’ gross 
spectrum. Figure 1 shows the analysis 


(taken from 762) of the gamma-ray 
spectra of a subject containing Te- 
129. 

The whole-body monitor can also be 
used for measurements of beta as 
well as gamma-emitters by taking ad- 
vantage of the Bremsstrahlung emit- 
ted. In recent times whole-body moni- 
tors have also been found useful for 
investigating articles contaminated by 
the escape of radioactivity as a result 
of a reactor accident —this was re- 
ferred to at the conference by more 
than one speaker. 

Control of health hazards in hand- 
ling plutonium is obviously a matter 
which will become more important as 
the use of plutonium for peaceful 
purposes increases. An _ informative 
paper on the subject was the Ameri- 
can 760 but there was special in- 
terest in the problem of detecting plu- 
tonium in wounds. This latter was the 
subject of three papers: 60 from the 
UK and 756 and 759 from the US. 
The first two considered the same 
technique, namely detecting and locat- 
ing the plutonium by monitoring the 
17KeV X-ray emissions, using a thin 
crystal counter. The alpha rays have 
insufficient penetrating power to be 
detected in the case of absorbed plu- 
tonium, but the 17KeV X-rays have. 
A crystal of Nal, 0:25 mm thick, gives 
about 95 pce detection efficiency with 
these 17KeV X-rays and a sensitivity 
down to about 0-002 microcurie is 
thus possible, The apparatus com- 
prises a small scintillator at the top of 
a cone-shaped light-guide feeding the 
pulses to the photocathode of a 
photomultiplier tube. The voltage 
pulses are fed to a_ single-channel 
pulse analyser with the channel cen- 
tred on the 17KeV emissions. Back- 
grounds of the order of 1 count per 
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Fig 2 A British effluent monitor. The cell is provided with a plastic lining which 

is replaced when surface contamination builds up to a predetermined percentage 

of the actual sample activity. By washing the cell daily as part of the sampling 
cycle, build-up of activity is slow 


minute are possible with this form of 
apparatus allowing the detection of 
small fractions of a mpbb. 

Paper 756 records three cases of 
the actual detection of plutonium in 
wounds to illustrate the technique. In 
all these cases the wounds were in the 
hands and so it was possible to place 
the counter in a small cave made of 
two-inch lead bricks and the person’s 
hand was inserted through a small 
hole in the cave. With this form of 
apparatus it was possible to locate a 
minimum detectable amount of 0:0004 
microcurie, i.e. 0-1 pe of a mpbb. 
They found it convenient to determine 
the actual location of the plutonium 
contamination by the use of a slit cut 
in a thin piece of lead interposed be- 
tween the counter and the hand. 

Designers of health physics instru- 
ments were interested in a paper by 
EMI Ltd. (294) describing their in- 
strument for the simultaneous hand 
and clothing checking for alpha and 
beta contamination. This represents a 
real advance over existing techniques 
of measurement. 

A great deal of interest was cen- 
tred on the treatment of radioactive 
wastes. The instrumentation aspects 
were not given any real prominence, 
but there is an obvious trend to pro- 
vide equipment for the continuous 
monitoring of liquid effluents and for 
the automatic control of the discharge 
of effluents from chemical plants, re- 
actor plants, etc. One form of appa- 
ratus which was described is shown in 
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fig. 2, A sample of the effluent liquor 
is drawn off from the effluent line 
continuously and passes into a samp- 
ling cell. This allows the activity 
measurement to be made under con- 
ditions of good geometry and low 
background counting rate, i.e. high 
sensitivity. The cell is being filled con- 
tinuously and overflows back into the 
exit pipe. 

The apparatus shown in the figure 
also includes facilities for measuring 
the flow rate as well as the activity 
per unit volume. Both these quanti- 
ties and their variation with time 
during the effluent discharge cycle are 
recorded, and it is usual in some in- 
stallations to feed these two quanti- 
ties into an electronic multiplying cir- 
cuit feeding into a drum register 
which clocks up the total activity dis- 
charged since the beginning of the 
discharge cycle. Paper 394 describes 
an automatic waste stream analyser 
which carries this principle further by 
introducing an activity measurement 
with suitable energy discrimination to 
separate the activity into three chan- 
nels corresponding to the Rh-106, 
Ru-103 and I-131 activities, 

A paper which created special in- 
terest was 235 from Switzerland which 
described a novel technique—the use 
of thermoluminescence for dosimetry. 
The method consists in exposing a 
suitable material (natural and artifi- 
cially made fluorites are suitable) to 
the radiation and then measuring the 
thermoluminescence glow curve. The 





heights of the first three maxima ire 
strictly proportional to the dosage of 
irradiation up to a dosage of 2 00 
or 3000r. The measurement theret >re 
involves flash heating the sample at 
a velocity of about 100°C/sec) < nd 
measuring the light intensity wit! a 
photomultiplier. There are some pr ic- 
tical difficulties because of fac ng 
effects, but as the measuring appa<a- 
tus involved is much the same as 
with the metaphosphate glass type of 
dosimeter,* it would not appear to o!fer 
real advantages over existing methods. 

Measurement systems for high level 
dosimetry is a subject of considera le 
importance at the present time with 
the widening application of high level 
irradiation, particularly in connexion 
with food preservation problems. The 
paper outlines a consistent and prac- 
tical system for gamma-ray and X-ray 
dosimetry in the absorbed dose range 
from 104 to 107 rads (1909). 


Prospecting and mining instruments 

The design and performance of geo- 
logical instruments was dealt with in 
several papers. One, by members of 
the US Geological Survey (1909), 
describes a number of novel instru- 
ments. These include a solid phosphor 
core scanner for measuring the acti- 
vities of drill core samples, a time 
interval differentiator —an apparatus 
to aid the analysis of natural radio- 
active gases which depends on the 
fact that the naturally occurring iso- 
topes of radon decay into isotopes 
of polonium having widely different 
half lives—and an alpha/gamma log- 
ging equipment for the search and 
evaluation of uranium-bearing ores. 
The corresponding British contribu- 
tion (299) gives special emphasis to 
the use of scintillating counter tech- 
niques both for ground prospecting 
instruments as well as aerial survey 
purposes. A parallel paper was pre- 
sented by A. S. Bhatnagar of India 
(1667). 

The precise radiometric determina- 
tion of the uranium and thorium con- 
tents in ores was the subject of a 
paper by the Italian delegation (1398). 
This gives a survey of the various in- 
tegral and differential methods as well 
as the method of counting the U-235 
fission products after neutron irradia- 
tion of the sample. 


oo 


Control instruments 

One of the most interesting papers 
dealing with measurement and con- 
trol was 827, US. One of the tech- 
niques described was the determina- 
tion of beryllium in the microgram 
range using the (x 7, Y) reaction. The 
beryllium is collected on a millipore 
filter and then the filter is examined 
*See for example, Taylor, D., ‘ Radiac Instru- 


mentation * Journal of Scientific Instruments, 1952, 
29 (Oct) pp 315-322 
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in he laboratory using an alpha- 
so. ce of polonium (Po-210) and a 
Ne scintillator. Beryllium can be 
de’-*mined in the one microgram 
rane with a 6 minute counting time 
and by using a longer counting time 
it siould be possible to extend the 
measurement range down to at least 
0:2 microgram. It is understood that 
this same method is being developed 
for the continuous monitoring of 
beryllium in the UKAEA factories. 

\nother method which is described 
in Reiffel’s paper is that using a pro- 
methium-147 beta source to excite K- 
band X-rays in contaminants collec- 
ted with a high volume air sampler 
on a filter paper. A specific element 
of interest is lead and a method has 
been developed which permits lead 
concentration determinations in indus- 
trial environments in a total air samp- 
ling and counting time of the order 
of 15 minutes. At present a thin Nal 
scintillator has been used and allows 
lead determinations in the milligram 
range, but the use of a pressurized 
gas-filled proportional counter is be- 
ing developed which should reduce 
the background problem and also in- 
crease the discrimination against other 
elements. 

Reacto; instrumentation 

There were several papers on detec- 
tor systems including 2084 from 
USSR, 493 from Yugoslavia, the 
French 1207 and Britain’s 56. The 
Russian paper indicated that the 
workers in the USSR and in the West 
are following much the same lines in 
these developments. It is perhaps of 
interest to note that the Russians 
have found it convenient to use an 
electrode system comprising a multi- 
plicity of disks, a construction which 
was used some years ago* by British 
workers, but chambers with cylindri- 
cal geometry seem to be standard over 
here and in the US at the present 
time. 

The British paper described the 
development of British neutron de- 
tectors (ionization chambers, fission 
counters and gas proportional coun- 
ters) and in particular describes the 
improvements which have taken place 
for high temperature operation, For 
Operation at temperatures in the 
range 250° to 450°C a stainless steel 
construction is used. The paper also 
discusses the type of apparatus which 
can be used for the measurement of 
the direct current which is obtained 
from these neutron-sensitive ioniza- 
tion chambers when used for the 
measurement of neutron flux. In all 
cases the detectors considered have 
been designed for use in a thermal 
* Jaques, T. A. J., Ballenger, H. A., and Wade, F. 


‘Neutron Detectors for Reactor Instrumentation * 
Proc IEE, 1952, 100 (Dec) p 110 
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column, so that it must be assumed 
that the proportion of neutrons escap- 
ing into the thermal column is con- 
stant and independent of the actual 
power level for this method of meas- 
urement to give a proper index of the 
total neutron population in the reac- 
tor core. None of the papers discuss 
the important matter of in-pile detec- 
tors for which there is now a real 
need. 

Paper 1207 from France discusses 
an alternative approach to the prob- 
lem of neutron flux measurement, 
namely the method of using a uranium 
source which on bombardment with 
neutrons emits fission products which 
can be detected by the ionization 
produced. 

Some of the later papers describe 
the control system to be adopted in 











A French kicksorter for neutron 

time-of-flight spectrometry built up 

largely from standard chassis and 

racks. At the scientific exhibition an 

improved transistorized version of 

this 100-channel instrument was 
shown 


future stations. These included paper 
85 describing the overall control of 
the SSEB station to be built at Hun- 
terston. Paper 213 on the control of 
Canadian reactors created a _ large 
amount of interest. It describes the 
important features of Canadian prac- 
tice as: 

1. triplication of all important con- 

trol and safety instrumentation and 

circuits, and the use of the coinci- 

dence or two-out-of-three principle 

2. continuous intercomparison of 

control and safety information from 

identical channels 

3. the use of routine testing pro- 

cedures without interference with 

reactor operation 

4. relatively fast automatic-start-up 

methods 

5. reactivity control by moderator- 

level variation 

6. the *‘ safeguard-bank ’ principle. 

There were also some papers pre- 


sented relating to the development of 
special instrumentation systems for 
reactor plants. These included one 
from Britain on the detection of burst 
fuel elements in nuclear reactors (57) 
and a parallel French paper (334). 
The British paper outlines the tech- 
niques used in the case of water- 
moderated and cooled reactors as well 
as the gas-cooled types. It also out- 
lines an improvement in the wire 
machine which replaces the wire with 
a reciprocating rod. This gives a real 
improvement in the reliability of the 
device, is very much simpler, but 
suffers from the disadvantage that the 
build-up of activity of the rod in cer- 
tain circumstances (when starting up 
the reactor from ‘cold’) is reduced 
compared with the wire machine. 
Fortunately there is sensitivity in hand 
and so this ‘rod’ type precipitator 
finds many applications—it is used, 
for example on DIDO type reactors. 
The French have carried this idea a 
little further by using a fixed elec- 
trode in the detector system (i.e. the 
scintillator) itself. Again the same dis- 
advantages are encountered, plus 
another one due to increased sensiti- 
vity of the system to gas activity, 
further reducing the sensitivity, but 
this compromise solution can be 
adopted in quite a number of cases. 
Papers on_- general instrument 
design were not encouraged, but one 
on this topic was 1210 (France) in 
which a system is described of using 
standard chassis and racks to permit 
the rapid design and assembly of 
nuclear instruments. Figure 3 shows 
one of their completed instruments. 
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Radioactive metals — 


laboratory 


Metrovick builds first privately-owned it 


hot facility in the UK 


THE SUCCESS of Britain’s next step 
forward in nuclear power station deve- 
lopment—from the first round stations to 
the advanced gas-cooled reactor and then 
to the high temperature version—will 
hinge very largely on the solution of 
metallurgical problems centering round 
the fuel elements. Up to now facilities 
for studying irradiated metals have been 
built only by the Atomic Energy Author- 
ity, but in the end the industrial groups 
will want to be able to stand on their 
own feet, and a move in this direction 
has been made by the Metropoliian- 
Vickers Electrical Co Ltd. Almost ready 
to go into action at Wythenshawe is a 
laboratory built and equipped for in- 
vestigating the effects of radiation on 
reactor materials and NUCLEAR POWER 
was recently invited to pay it a visit. 
The culmination of two year’s plan- 
ning and building, this Radioactive 
Metals Laboratory contains two barytes 
concrete caves, a train of five intercon- 
nected lead-walled cells, a hot labora- 
tory, health laboratory and changing 
and laundry facilities. The 8 X 6 ft. 
11 ft high caves are built from 3-4 g/cc 
concrete blocks joined by lead sheet 
and lined with tinned sheet steel painted 


Manipulated from outside this line of lead walled 
cells a radioactive specimen can be passed from 
one to the other for treatment. In the last cell 
it is photographed through a microscope and its 


hardness determined 
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with epoxy resin. They can accommo- 
date complete fuel elements or even test 
rigs, and access is by means of 25 ton 
doors extending to the full height and 
mounted on roller bearing ‘ skates.” 

Work will be controlled from outside 
the 3 ft thick walls by standard Savage 
& Parsons manipulators and viewed by 
Pye closed-circuit television equipment, 
supplemented by two 2 ft thick lead 
glass peepholes for each cave. One cave 
will be used for dissecting fuel elements 
under water with the aid of a machine 
developed by the company: it will strip 
off the fuel element cans and cut out 
sections of the can or the element itself. 
The use for the second cave has not been 
settled yet—though mechanical testing 
is a possibility. 





Remotely cut, weighed, tested 

After cutting, a typical specimen mea- 
suring say { in. thick by 1 in. dia, will 
be moved from the caves to the first 
cell a few feet away in a small lead cof- 
fin, which is run up on a stand; it will 
be pushed through the ports of the cof- 
fin and cell into an inner container of 
steel and Perspex by a transfer mechan- 
ism which deposits it on a tray at the 
end of a movable arm, When the ports 
have been closed and the coffin taken 
away the arm moves down so that the 
sample can be lifted out of the tray by 
one of two spherically mounted handl- 
ing tongs. It is then weighed and its den- 
sity determined by an Oertling balance 
on which all weighing can be carried out 
by the addition and removal of riders 
which are remotely operated from out- 
side the cell, Next the specimen is 
mounted in cold setting resin by an auto- 
matic device in the cell and put in the 
iransfer tray for sending through the 
port into No 2 cell, which is equipped 
with three standard automatic polishing 
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machines. Here it is rough-ground, 
polished, and lapped to a suitable finish, 
the polythene and carborundum laps be- 
ing changed by the handling tongs. After 
attack-polishing, electro-polishing and 
anodizing in the third and fourth cells, 
it is moved into No §5 for the final ex- 
amination. This cell, which dispenses 
with the inner container, is fitted with a 
Brown-Firth variable load hardness test- 
ing machine and a Reichert microscope 
modified for the company so that the 
viewing system incorporates two right 
angle bends to cut out any direct paths 
for radiation. It will be illuminated and 
operated from outside the cell and the 
cptical system brings the image out to 
a camera so that a photographic record 
of the specimen can be obtained. Con- 
trols on all five cells are brought through 
the 6 in. lead walls where necessary, but 
they can be disconnected and the con- 
crete roof on any cell removed to lift 
out the inner container as a whole for 
cleaning and decontamination. 





The designers have put considerable 
thought into the safety aspects of the 
plant, and in addition to personnel moni- 
tors between the changing rooms, and 
portable instruments, two Rotheroe and 
Mitchell recording alpha dust monitors 
(see August, p 370) are used, one in the 
main laboratory and the other in the 
main air extraction duct. These sound a 
klaxon alarm if the level of radioactivity 
rises unduly. The second also automati- 
cally switches in a bank of Poelman 
filters in the ventilation chamber by 
means of an electromagnetic valve to 
stop any contamination escaping from 
the building. These filter units can be re- 
moved and replaced remotely but since 
all air from contaminated chambers is 
filtered locally they are purely a second 
line of defence. In the main laboratory 
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s extracted from the interior of the 
concrete caves via local filters and from 


the spaces between the sealed containers 
and lead walls of the small cells so that 
all these units are at reduced pressure 


and the air flow is directed away from 
the operators. 

Contaminated water from the cells, 
caves and decontamination room is con- 
veyed by copper drain pipes to the filter 
room Where it is passed through bat- 
terices of ceramic candle filters in a 
screened cell and then sent through an 
expendable cartridge type ion exchange 
unit before pumping into a_ holding 
tank. The water filters, and an air filter 
in the cell, can be changed remotely. 

Besides examining materials irradiated 
in research reactors the laboratory will 
be able to help in dealing with any prob- 
lems which might arise when the 250 


MW Berkeley power station gets under 
way. It has been designed to allow as 
much flexibility as possible, and one 
end of the main laboratory consists of 
a large glass window. The idea is that 
an extension could easily be built on 
without interrupting the work. Though 
the whole idea behind the project is to 
make the company self sufficient the en- 
gineer in charge, T. Starling, told 
NUCLEAR POWER that they were grateful 
to the Atomic Energy Authority, who 
have cooperated throughout and are pro- 
viding some work to help the company 
gain experience. 


Each of the cells in the background con- 
tains an inner steel and Perspex container 
which can be lifted out for decontamina- 
tion. This one is used for weighing a 
specimen by means of the remotely con- 
trolled Oertling balance inside 


Brazing by remote control 


Induction heating finds applications in atomic energy 


THE EASE with which brazing can be 
carried out by remote control using in- 
duction heating has led to several appli- 
cations of the technique in the atomic 
energy industry. Basically the heat is 
generated in the work by circulating 
eddy currents induced by some form 
of work coil or inductor which is 
energized by a high frequency gener- 
ator. Chief advantages are that the heat 
is produced in the work extremely rapidly 

keeping distortion and oxidization to 
a minimum—and it can be localized in 
any desired part of the workpiece. A 
firm which has taken a prominent part 
in developing the technique is Delapena 
& Son and NUCLEAR POWER went to see 
their Cheltenham factory _ recently. 
Though this is only one side of the 
company’s activities, it is called on to 
carry out a wide variety of jobs, and 
work in progress ranges from items for 


A high frequency current is fed 


through the U-shaped coil round the 

sleeve and copper rings inside melt, 

joining the two pipes permanently 
together 
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the AEA to precision profile hardening 
of gears under water. 

One of the first applications of Dela- 
pena equipment in atomic energy was 
the brazing of the pipes for the burst 
slug detection gear at Calder Hall. This 
was done by placing a short sleeve carry- 
ing copper rings in internal grooves 
over the ends of any two lengths of pipe 
to be coupled; on the application of 
heat from an induction coil the copper 
melts and the pipes are permanently 
joined. The coils used were shaped so 
that they could be placed over the sleeves 
in U-fashion and power was applied 
from a remotely sited 20 kW generator. 


Inaccessible enclosures no bar 

Induction heating can be carried out 
with both rotary generator and valve 
oscillator equipment and the company 
can supply either type. Output frequency 
of the rotary equipment varies from 2- 
10 ke/s. The driving moter and genera- 
tor are built as a single unit using a 
common vertical shaft and the rotor 
assembly is so designed that clectro- 
magnetic centering action minimizes 
bearing loads. This equipment is gener- 
ally used for work which demands 
higher power and where the lower fre- 
quency output facilitates through heat- 
ing for forging and deep case hardening 
of shafts. For the lower powers up to 
50 kW the valve oscillator type of unit 
is most often employed. The high volt- 
age d.c. is obtained by mercury vapour 
rectifiers and supplied to one or more 
triode oscillator valves and tank circuit 
designed to produce high frequency 
currents varying from 200 to 450 kilo- 
cycles. It is possible with this type of 


































equipment to house the tank circuit as 
a separate unit and interconnect the 
generator and applicator sets with 
coaxial feeders: this is especially handy 
in atomic energy fields where the brazing 
might have to be carried out in more or 
less inaccessible enclosures, particularly 
as the losses in the coil circuit limit the 
permissible length of cable to the coil. 


Next move: fuel canning 

The company was called on by the 
AEA recently to try out a method for 
sealing stainless steel fuel element cans. 
About fifty specimen cans have been 
completed and the Authority has placed 
an order for the equipment. Copper 
rings were again used as a _ brazing 
medium, this time in grooves round the 
6 to 10° taper on the caps. After purg- 
ing the can with oxygen free nitrogen 
the cap is fitted in, leak tightness being 
maintained by a rubber O-ring round 
the taper on the element side of the 16 
gauge copper brazing ring. Current at 
10 ke/s from a 25 kW air-cooled motor 
generator set is fed to a specially de- 
signed transfomer to which is attached a 
single turn solid copper heating coil sur- 
rounding the can; this brings the cop- 
per ring embodied in the joint area to 
brazing temperature in about 70 seconds. 
During heating the cap is loaded to pre- 
vent any tendency of the expanding 
nitrogen inside to push it out. Normally 
the inductor or work coil is cooled by 
manufacturing it from circular or rect- 
angular section copper tube through 
which water is circulated, but for this 
particular application the coil is made 
from solid copper and external forced 
nitrogen or air cooling is employed. 











Cross Section » craccius 


A VERY SMOOTH job was done by 
NETAC for the British exhibitors at 
the Geneva Atoms for Peace exhibi- 
tion. By common consent, I think, 
our contribution was certainly the 
most enterprising of all the national 
sections. Few exhibitors, for example, 
matched the imagination of GEC 
with their very clever full scale model 
of the Hunterston reactor (‘all done 
by mirrors’), or Vickers’ idea of a 
ship skeleton. It was not all gimmicks 
however and there was plenty of actual 
ironmongery, noteworthy among 
which were the long-secret fuel ele- 
ments for the British reactors. There 
was also some crafty remote handling 
gear, not to mention a quite dazzling 
display of instruments of every con- 
ceivable (and inconceivable) form, I 
found a certain amount of grumbling 
throughout the show at the cruel hours 
—10-10 Saturdays, 10-7 others (inc 
Sunday)—certainly on the Saturday I 
looked in there were very few people 
about. 

On NP’s own stand, managing direc- 
tor David Rowse told me it had been 
very well worth while despite the 
hard work and I found most people 
thought so too. One American instru- 
ment maker I spoke to, for example, 
told me he’d sold every piece of 
equipment on his stand and was 
busily trying to prevent the customers 
taking immediate delivery. I was very 
much impressed by the French and 
German sections of the show—more 
by the products than the stand designs 
which were generally unimaginative. 
[They made a late start but I’m sure 
it won't take the Germans long to 
catch up, 


IF BRITAIN stole the show downtown 


it was otherwise at the scientific ex- 
hibition in the vast temporary build- 
ing in the grounds of the Palais des 
Nations (peacocks strolled around out- 
side quite unconcerned). It’s said to 
have cost $M5, the American section, 
and it’s credible. There were not just 
exhibits with people to show you 
round (they had these too, of course) 
but real scientists in white coats actu- 
ally doing real work. For example at 
9 o'clock on Monday’ morning 
Argonne staff started assembling an 
ARGONAUT reactor which was still in 
crates. By Saturday morning it had 
been assembled, tested and put into 
complete working order. This really 
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impressed. There was also audience 
participation in the shape of a whole 
body scintillation counter. Visitors 
were invited to remove their shoes 
(throwaway slippers provided), re- 
move any luminous watches, weigh 
themselves and step inside. On emerg- 
ing after a few moments they were 
given a graph of normal count against 
body weight with their own reading 
plotted. Above the line you were mus- 
cular, below you were flabby, This 
produced formidable queues, Then 
there was the big givaway. If you were 
early enough you could get the Brook- 
haven neutron-cross sections and other 
such massive tomes. But you had to be 
early in the morning for this, because 
by 10 minutes after opening the last 
of the lucky ones had departed, stag- 
gering with bursting briefcase and 
overflow clutched under each arm, 


IN COMPLETE CONTRAST was the 


Russian section where nothing whatso- 
ever was given away and nobody 
seemed to know very much about the 
exhibits. They've come a long way 
since 1955 in public relations but 
even now their translated captions are 
hopelessly inadequate. Some of the 
most interesting exhibits had no cap- 
tion at all—Russian or otherwise. It 
was only because there was such a 
crowd round it that I spotted the 
model of their big thermonuclear 
machine OGRA. Quite a lot has been 
written about their ALPHA toroidal 
machine which is an exact copy of 
zeETA and I came across another case 
of this. They had a very fine model 
of a Van de Graaff machine. Now I 
was unable to find out whether the 
real thing exists or not but later I 
was told by the president of High 
Voltage Corporation that the model 
is a perfect replica of one of his 
machines—even down to a small item 
which is not really necessary. 

Apart from Aldermaston’s MINNI ther- 
monuclear machine—not a model but 
a one-third working replica of the 
MAGGI—the AEA’s stand I found 
rather dull and poky and really not 
as good as their stand at the commer- 
cial show. Both exhibits were however 
very well manned and everyone was 
very helpful. 


AS FOR THE CONFERENCE—the 


main thing at Geneva after all—I 
found this all rather too much and 


after chatting around I think this i. 
pretty general impression. It’s « >r- 
tainly nice to meet up with old frie ds 
who are now in different count es 
but there was really far too much on 
the agenda and the overall effec | 
found was one of blur. One thing t at 
did occur to me was that the Uk — 
in comparison with the US at é.y 
rate—did not always choose the b:st 
men to put over the papers. Only a 
few people I admit have a good plut- 
form personality but I got the impres- 
sion that there’s a higher proportion 
in America. There are of course hen- 
ourable exceptions—Peter Thore- 
mann, for example, had this big audi- 
ence almost on the edge of their seats 
even although his paper was largely 
known in advance, On the other hand 
several British speakers with highly 
original stuff at their disposal unfor- 
tunately seemed to induce merely 
doziness. Perhaps what we need is a 
‘Method’ course’ for potential 
speakers. This would involve the 
speaker convincing himself that his 
own contribution was easily the most 
important in the whole show and one 
likely to rock science to its founda- 
tions. On second thoughts this could 
be just a little tiresome if everybody 
got the same idea. Anyway now it’s 
all over comes the monstrous task of 
reading, marking and inwardly digest- 
ing this intolerable mountain of paper. 
How long this will take depends on 
what your subject is. But metallurgy 
or mice it will be long. 





EVERYONE who was at Geneva has 


a Russian story. My particular one is 

as follows: 

SCENE: Russian section at scientific ex- 
hibition. Enter Gracchus to young 
Russian who speaks a little English. 
Let us call him Yuri. 

GRraccHus: This 5 MW power station 
you had working last time—what’s 
it called? 

yuR!I: The first atomic power station 

GRaccHus: Yes but this is a little 
clumsy if you have to keep refer- 
ring to it in an article for example 

YURI: But it is the first atomic power 
station. i 

GRACCHUS: I know, but haven’t you 
got some abbreviation for it—like 
FAPS or GpPU-I, for example? 

YURI: No. 

GRACCHUS (trying a new approach): 
Well where is it? 

YURI: Near Moscow. 

GRaAccHuS: I know that, but the place 
must have a name. 

yuri: There is a small town there. 

GRACCHUS: Well what’s it called? 

yuRI: Obninsk—but it’s not really 
important. 

GRACCHUS: Thanks (exit to bar). 
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UK to build beryllium plant . . . 


Imperial Chemical Industries’ metals 
division is to build the first plant in 
Europe for the production of wrought 


forms of beryllum. Due to go into 
operation by the end of next year, it 
will start by making the fuel element 
cans for the Advanced Gas Cooled 
Reactor under an Atomic Energy Con- 
tract. Designs are complete and build- 
ing will begin as soon as a site is fixed. 
The plant is intended to produce semi- 
fabricated forms such as rod, tube and 
plate, and finished machine parts. 

Beryllium is a difficult metal to work 
with, and standards for safe handling 
which have been evolved and codified 
by the AEA will be incorporated in the 
new factory. Raw material will be flake 
or small beads, and these will be melted 
under vacuum in induction furnaces to 
produce an ingot. This is really a refin- 
ing process: the cast ingot, having a 
large grain size and very poor worka- 
bility, cannot be rolled or extruded 
directly in the same manner as conven- 
tional metals. It has to be made into 
fine powder which is then heated and 
compacted (‘sintered’) under vacuum 
to produce ingots, after which conven- 
tional plant can take over. ICI will not 
disclose the amount of beryllium which 
will be produced, but a spokesman says 
the company foresees spare capacity 
which may find outlets in the aircraft 
industry. 


... US firm produces oxide shapes 


Hot pressed and machined beryllium 
oxide shapes are now being produced 
by the US Beryllium Corporation. Ini- 
tial consignments are for classified appli- 
cations, but obvious uses are in reaciors 
for moderators or reflectors, missiles for 
radiation windows and _ thermocouples, 
and in the electronics industry for 
klystron and ceramic tube parts. 

Since beryllium oxide is an interme- 
diate chemical in the production of the 
metal and beryllium alloys, starting 
material for the new shapes is with- 
drawn from the plant production flow. 
High purity beryllium oxide powder is 
calcined from specially processed bery!- 
lium hydroxide at 1000°C. A_ light, 
fluffy material with an average particle 
size of one to two microns, the powder 
is packed in graphite moulds for hot 
Pressing in an induction pressing fur- 
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nace, Densities exceeding 95 per cent 
theoretical can be attained in the hot 
pressing operation. After cooling, the 
blocks are machined into desired shapes 
by diamond-tipped machine  tools— 
either pre-set or remotely controlled— 
operating in closed air systems. Blocks 
up to 12 in. in diameter and 6 in. in 
height are now being produced at close 
tolerances, and the finished product is 
said to be an extremely smooth, uni- 
formly dense material. 


New process tried for HTGR cans 


Work on the problems involved in using 
graphite in the fuel elements for the 
High Temperature Gas Cooled Reactor 
has reached an advanced stage. A Har- 
well patented idea for reducing the per- 
meability of graphite has been developed 
to a manufacturing process by the 
Hawker Siddeley Nuclear Power com- 
pany and examples of fuel cans made by 
Harwell and processed by the company 
were on show at Geneva. 

Details of the impregnation method 
used are not available but it is reported 
that it increases graphite’s impermeabi- 
lity to the passage of gases and fission 
products quite sufficiently for it to be 
used for the HTGR fuel elements. Irradi- 
ation tests of completed elements are in 
progress at Harwell, using the DIDO 
reactor. 

Other companies working on the prob- 
lem are the General Electric Company— 
who are building the experimental 
HTGR—-and the Union Carbide Corpora- 
tion in America. They both exhibited 
samples at Geneva, and the GEC demon- 
strated the ability of its graphite tubes 
to remain impervious to gases at tem- 
peratures up to 600°C. Actual elements 
designed for the HTGR were shown by 


the AEA: the fuel was in the form of 
flat rings threaded over a graphite rod 
and inserted in the cylindrical hole in 
the graphite can. These were of an over- 
all hexagonal cross-section and would 
be grouped in bundles of eight in the 
reactor. 


Another atomic firm started 


Three firms have got together to start 
another atomic engineering company in 
the UK. They are the Power-Gas Cor- 
poration, John Thompson, and Hum- 
phreys and Glasgow, and the new com- 
pany—Nuclear Chemical Plant Ltd—will 
design and engineer process and treat- 
ment plant. 

Discussions are under way about fix- 
ing a headquarters for the company and 
choosing the men to run it. Each of the 
sponsoring companies has experience in 
the nuclear energy industry and their 
resources will back the new company. It 
is reported that the Atomic Energy 
Authority is being asked to train engin- 
eers of the three companies in its Indus- 
trial Group so that they may acquire 
some of the AEA’s knowhow in such 
fields as the reprocessing of irradiated 
fuels. This should help the new firm to 
cut down the initial time required for 
development and pilot work and get 
under way quickly. 


JASON stirs university interest 


One British and three foreign universi- 
ties have already expressed strong in- 
terest in the JASON reactor—similar to 
the US Argonne ARGONAUT—which the 
Hawker Siddeley Nuclear Power com- 
pany has arranged to manufacture under 
licence. The company is ready to go 
into production and say they can get a 
reactor on site and working within nine 


ELECTRON BEAM WELDING Demonstrated on the stand of the French CEA at 

the Geneva scientific exhibition was this Stohr machine (see NP June p 272). In a 

vacuum chamber (top right) the work piece is moved slowly through an intense 

stream of electrons which cause highly localized melting. The UK licence is held 
by Edwards High Vacuum 
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High sensitivity to absorbing specimens is obtained in the JASON by arranging the 

fuel in the form of an annulus in a block of graphite. The mode! shows the 

extreme flexibility of the reactor, which is now offered to universities and training 
institutions 


months of receiving an order. It is re- 
ported that the Atomic Energy Author- 
ity is willing to cooperate by arranging 
for a supply of fuel, though nothing 
approaching the American’s fuel offer 
of no cash down and 4 pc/annum pay- 
ment, which works out at about £1000 
a year per reactor seems on the horizon. 

The ARGONAUT reactor was developed 
by Argonne National Laboratories from 
the Thermal Test Reactors which have 
been operated for several years at the 
Knolls Atomic Power Laboratory, at the 
Hanford Fuel Works, and at Savannah 
River. The basic idea of these was to 
get high sensitivity to absorbing speci- 
mens by a combination of high flux 
and positioning of specimen so that the 
neutron which it absorbs would have 
been effective in maintaining reactivity. 
These two requirements were met by 
arranging the fuel in the form of an 
annulus in a block of graphite; this gave 
a high flux of well-thermalized neutrons 
in the central column of graphite. 

The elements are contained between 
two aluminium tanks, one 2 ft and the 
other 3 ft in diameter, and the fuel 
plates, which consist of uranium oxide 
aluminium, are assembled in boxes to 
give about 350 g of U-235 per box. The 
original ARGONAUT plates contained 20 
pe enriched uranium but more highly en- 
riched material may be used where con- 
venient. For example, plates of the piDo- 
type with uranium containing 90 pe U-235 
can easily be adapted. The boxes are 
interspaced with graphite fillers so that 
the annulus is completely filled, and or- 
dinary water passes up between the 
plates to act as moderator and coolant. 
This water, which is purified during 
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make-up, circulates in a closed loop, 
giving up its heat to untreated tap water 
in a simple heat-exchanger. 


° ° 
Westinghouse forms Swiss firm 
A subsidiary in Switzerland—the West- 
inghouse International Atomic Power 
Company—has been set up by the West- 
inghouse Electric International company. 
The aim is to form a close ‘ communi‘y 
of purpose’ with Euratom countries, 
says executive vice president J. de Cubas. 
The atomic consultant for Westing- 
house, Major General Kenneth D. 
Nichols, will head the board of direc- 
tors and the president is Raymond 
Giguet, former associate director gen- 
eral of Electricité de France. The new 
Westinghouse move will help the com- 
pany to keep in close touch with three 
European manufacturing concerns with 
which it has cooperative agreements. 
They are the Italian Fiat group. Ateliers 
de Construction Electriques of Belgium 
and the West German Siemens. Talks 
are in progress for a similar agreement 
with a French company. 


AEA to use NRC furnaces 


The Industrial Group of the Atomic 
Energy Authority is to add to its metal 
treating capacity by using two 100 Ib. 
arc-melting vacuum furnaces of the cold 
mould type which are based on a US 
National Research Corporation design. 
The American pattern is being modified 
to suit the AEA by the English company 
—Wild-Barfield Electric Furnaces Ltd— 
who manufacture NRC furnaces under 
licence, They will be used for both con- 
sumable and non-consumable melting. 


Each furnace has it own pump ng 
system but a common power suppl) is 
arranged, and three rectifiers are inc >r- 
porated. Output is such that a 4 in. in ot 
can be melted in each furnace sim il- 
taneously or a 6 in. ingot in one { r- 
nace, with a 50 pc reserve of power in 
either case. 

Several industrial concerns have ¢ 
rent orders for furnaces. One is to > 
used by Babcock and Wilcox for a be: 
lium project. It is a vacuum induction 
type and is being specially enginee 
by Wild-Barfield to handle this me 
Capacity will be about 15 lb. Anot 
vacuum induction furnace to be delive: 
towards the end of the year will be e 
ployed by the English Electric compa 
for uranium, 
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° 
Vaughan named NPPC director 

Roger Davison Vaughan, chief engincer 
of the Nuclear Power Plant Company 
and head of the team which designed 
the 300 MW Bradwell nuclear power 
station, has been named a director of 
the firm at the age of 35. An Australian, 
he started his engineering career in Mel- 
bourne twelve years ago designing plant 
for the manufacture of antibiotics. His 
first job in the UK was with C. A 
Parsons and he moved up inside three 
years to the position of chief engineer 
werking in Calcutta. He left the com- 





R. D. VAUGHAN ., 
led Bradwell designers 


pany in 1954 to spend a year at Harwell 
picking up a basic knowledge of nuclear 
work and joined the NPPC as chief 
engineer three and a half years ago. 


AGR vessel, turbines ordered 


The Atomic Energy Authority has now 
ordered the pressure vessel and turbine 
for their Advanced Gas Cooled Reactor. 
To be built by Whessoe, the pressure 
vessel containing the core and moderator 
will be a 53 ft 6 in. vertical cylinder of 


NUCLEAR POWER October 1958 











cer 
any 
ned 


wer 


an, 
lel- 
ant 


His 


ree 
ecr 


ym- 


Ow 
ine 
or. 


tor 
of 











at 21 ft dia with hemispherical top 
anc bottom heads. It will be constructed 
from notch ductile steel plate of con- 


siderable thickness with the top head 
periorated by a large number of closely 
pitched charge tube and control rod 
standpipes for refuelling and controlling 
th reactor. 

ie internals are most complex. They 
include the support of the heavy core 


and graphite moderator and the shield- 
ing material, The internal baffles will be 
arranged in such a manner that the rela- 


tively cool inlet gas sweeps the entire 
pressure vessel shell: hot gas will be col- 
lected from the reactor channels and 
passed out of the reactor through an 
inner concentric duct so that it will not 
be in contact at any point with the ves- 
sel shell. 

The turbine will be manufactured by 
the English Electric Company to be 
ready for commissioning in 1961. Power 
of the steam turboalternator set will be 
33, MW and the contract includes con- 
densing and feed-heating plants with 
auxiliary apparatus. The alternator will 
be air-cooled, the turbine of the two- 
cylinder impulse reaction type, operating 
at 3000 rpm with steam at 650 psig and 
850° F. 


Capenhurst boron plant moved 


Low temperature distillation plant at 
the Atomic Energy Authority’s Capen- 
hurst production factory has been moved 
to 20th Century Electronics’ works in 
Surrey as part of a ten year agreement 
signed with the firm for the manufac- 
ture and supply of stable Boron-10. Dis- 
mantling and re-erecting the columns and 
processing plant took less than ten days 


Now working at New Addington 

these two 75 ft distillation columns 

form part of the world’s largest plant 
for producing Boron-10 
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all told and was carried out by the com- 
pany’s staff with advice from AEA ex- 
perts. The two 75 ft four ton columns, 
which normally hang from a steel pylon, 
were transported by road from Liver- 
pool to London. 

The firm is licensed to use the AEA 
patents in connexion with the new pro- 
ject and can benefit from this knowhow 
commercially as they have permission to 
sell surplus B-10 and B-11 providing the 
Authority’s own requirements are satis- 
fied. 

Boron-10 is a _ costly material—ten 
times as expensive as gold—but is one 
of the most efficient neutron absorbers. 
Though not available in time to be used 
for the Dounreay fast reactor control 
rods, it is employed in the US Enrico 
Fermi plant and is likely to be a key 
material in future fast reactors as well 
as nuclear-powered submarines and air- 
craft. The plant installed at New Adding- 
ton is believed to be the largest in the 
world. 





More research on Pu, graphite 


A laboratory graphitizing furnace deve- 
loped from an original Harwell Design 
has been completed by Spembly Ltd, at 
Chatham. It has been sent to Harwell for 
testing and is eventually bound for a 
Hull institution, where it will be used 
for graphite research. The heating ele- 
ment is graphite and it will operate—in 





INDUSTRIAL NEWSDESK 


argon or vacuum—at temperatures up to 
3000°C using a 20 volt 1000 amp single 
phase supply. 

Another project is the manufacture of 
calorimeters and furnaces for plutonium 





Designed for plutonium alloy work 
this calorimeter and furnace uses 6 


heater elements for isothermal 
balancing and one very small element 
for heating the specimen 


alloy research at Harwell, two of which 
have been made so far. Each calorimeter 
and furnace employs over 109 similar 
junctions in 0-005 in. dia chromel/alumel 
wire, taking the form of three 24 junc- 
tion thermopiles, and the remainder are 
single junction thermocouples. 





IN BRIEF 


Gas turbine move Armstrong Siddeley 
Motors Ltd is to manufacture in the 
UK the range of gas turbines produced 
by Clark Brothers company, which is 
part of the US Dresser Group. 


New Belgian company Métallurgie et 
Méchaniques Nucléaires has been estab- 
lished by Métallurgique de Hoboken and 
Fabrique Nationale d’Armes de Guerre. 
Purpose will be to carry out metallur- 
gical research and development for pro- 
duction of fuel elements and reactor 
cores. 


Capenhurst The Industrial Group of the 
AEA has ordered a Mark 2 Deuce com- 
puter for the Capenhurst diffusion plant. 
Main use will be for studying plant per- 
formance and indicating optimum pro- 
duction schedules, though it will also be 
used for research work. 


Nuclear work on show Examples of new 
types of fuel elements, reactor models, 
and films will be shown by the AEA 
at the Fuel Efficiency Exhibition at 
Olympia from September 24 to October 
3. Small displays illustrating the UK 
atomic energy industry were staged by 
the Board of Trade at the International 


Autumn Trade Fair in Vienna from Sept 
7-14 and St Erik’s Fair in Stockholm 
Aug 30-Sept 14. 


HVEC sale to Swiss The US High Volt- 
age Engineering Corporation has sold 
two Van de Graaff particle accelerators 
in Switzerland. A 6 MeV model will be 
installed at Ziirich University and 2 3 
MeV at the University of Neuchatel. 





In the second edition of the NUCLEAR 
POWER YEAR BOOK AND BUYERS GUIDE, 
just published, the name of Nuclear 
Enterprises (GB) Ltd was omitted from 
the product classification Scintillators— 
plastic although it appears correctly 
under other forms of - scintillators. 
Nuclear Enterprises claim to supply 95 
pe of plastic scintillators in the UK. 


Plessey Nucleonics Ltd have informed 
us that the performance data used in 
their recent announcement regarding 
their new range of Neutron Detectors 
was reproduced by kind permission of 
the AERE, Harwell. 


The Corblin compressors mentioned on 
p 430 of our Atoms for Peace preview 
in the September issue can deliver oil- 
free any gas up to 1000 atmospheres and 
not 1000 psi as stated. 





New Product Survey 
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MULTI-CHANNEL 
KICKSORTER 


New Mullard model 


A new 100-channel pulse spectrometer 
(or ‘ kick sorter’) was shown for the first 
time at Geneva by Mullard Ltd. Used 
with a proportional detector and standard 
pulse amplifier, its applications include 
study of fundamental nuclear phenom- 
ena, identification of isotopes and, in con- 
junction with neutron _ time-of-flight 
equipment, measurement of capture and 
scatter cross-sections. In the medical 
sphere it may be used for multiple radio- 
active tracer experiments and for meas- 
urement and identification of the radio- 
active ‘ burden’ within the human body. 

The L332 is based on a Harwell de- 
sign and is intended for integration with 
complete systems of instrumentation. 
Pulses from a proportional detector are 
sorted and counted according to their 
relative amplitudes into any one of 100 
channels, where they are stored in a mag- 
netic memory. Since each channel repre- 
sents a particular energy level the data 
recorded in the memory provides a histo- 
gram showing the relative abundance of 





Based on a Harwell design, the spec- 

trometer uses a ferroxcube magne- 

tic memory matrix § storing over 
65,000 counts 


radiation at each of 100 energy levels 
within the spectrum under observation. 
This information is presented on a 6 in. 
diameter c.r.t. as a continuous linear 
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analogue display of the spectral curve, 
the display being available both during 
and after the counting period. Seven full- 
scale ranges are provided, selected by a 
switch. A direct read-out of the number 
of counts registered in a particular chan- 
nel is also available, from ‘ in-line’ neon 
digital indicators. Provision is made for 
connecting a remote control device to 
operate the read-out, which is non- 
destructive, the memory retaining all in- 
formation until it is deliberately erased 
by a protected master switch. The 
memory is also protected in the event of 
a mains failure. 

The memory system is a magnetic 
matrix of 100 by 16 Ferroxcube cores, 
giving each channel a storage capacity of 
65,536 counts. The basic input range of 
the spectrometer is from O°SV to 10V, 
each channel having a width of approxi- 
mately 0-1V. Up to 30V back bias may 
be applied, giving a total coverage equiv- 
alent to 400 channels. 

Maximum counting rate is limited 
only by the permissible percentage of 
lost counts due to the deadtime, which is 
constant at 250 microseconds for accepted 
pulses, with rapid rejection of oversize 
pulses. A gating circuit incorporated in 
the input controls the pulse stream to 
prevent errors due to a fresh pulse arriv- 
ing before the preceding one has decayed. 
Uniformity of channel-width is better 
than 1 pe and stability of channel posi- 
tions is better than 10 mV over the basic 
input range, or 20 mV with full back- 
bias. Random jitter is less than 3 mV 
(basic range) or 20 mV (full backbias). 
The spectrometer operates from single- 
phase mains supplies of 200-250V, 45-65 
c/s and, due to the extensive use of tran- 
sistors, its consumption is only 300 watts. 
It is stabilized against variations in the 
mains voltage of up to = 10 pc. 

Tick No 195 on reply card 


MOBILE SWARF 
COLLECTOR 


Vokes unit for AEA 


On the stand of Vokes Ltd at Geneva 
was shown for the first time a mobile 
swarf collector for use in machining 
radioactive materials. Developed for the 
UKAEA, the unit operates on the 
vacuum cleaner principle. It is confined 
to a cell in a laboratory where radio- 
active material is processed. 

The collector is operated by remote 
control from outside the cell and is re- 
quired to handle heavy dust concentra- 
tions, yet maintain absolutely clean air 


at the outlet. The contaminated ai 
sucked into an inlet and by cyck 
action, the heavy particles are depos 
into polythene bottles, the remair 
passing through a Vokes’ high tempe a- 
ture ‘ Absolute’ filter. 

As gamma radiation is to be enco: »- 
tered, a prime necessity was care in te 


5 aaa 





The swarf collector is 
self contained and remote controlled 


completely 


Heavy particles are removed by 
cyclones and collected in bottles 


choice of materials, particularly in res- 
pect of the final filter. Only glass paper 
was suitable and the sealing compound 


was carefully investigated to ensure 
there would be no breakdown. 
The mobile swarf collector is com- 


pletely self contained with fan and 
motor. Everything has been designed for 
ease of servicing and replacement by 
manipulators. Capacity is 200 c.f.m. and 
fan power available, 20 inches of water 
Tick No 196 on reply card 


DIGITAL INDICATOR 


Edge illumination 


A common disadvantage of some types 
of digital indicator is that the angle of 
view is severely limited by the overall 
thickness of the stack of plates, which 
is necessarily great because of the com- 
paratively large dimension of the lamps. 
This disadvantage is claimed to have 
bcen overcome in the KGM Multi 
Indicator by utilising the total internal 
reflexion characteristic of bent Perspex 
sheet; the light from the illuminated 
edge is conveyed round the bend with- 
out transmission through the surface of 
the plate. The plates are bent over at 
right angles at one end and tthe tails 
thus formed are inserted into individual 
slots behind which are the light sources 
(Atlas midget panel lamps). This con- 
struction permits the plates to be tightly 
packed together forming a stack only 
slightly more than 4 in. thick and 
thereby permitting the rear plate to be 
viewed at a very wide angle. A further 
advantage of this construction is that 
the lamps are easily accessible from the 
rear. The KGM_ Miulti-Indicator is 
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EQUIPMENT IDEALLY SUITED FOR 
THE NUCLEAR FIELD 


A complete range of the S.B.A.C. WIRING SYSTEM 





All types of CONNECTORS 
made to customers’ 


specifications. 





A.|.D. — Arpproveo — A.R.B. 


Your enquiries invited 


C.W.C. EQUIPMENT LTD. 


KINGS GROVE, MAIDENHEAD, BERKS. 


MANUFACTURING ENGINEERS 


PHONE: MAIDENHEAD 2275/6/7 TELEGRAMS & CABLES: DURAQUIP, MAIDENHEAD 
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designed for fitting into panels of any 
thickness either singly or in banks and 
its size has been kept as small as 
possible commensurate with a suitable 





The characters can be engraved in 
small dots as shown or as continuous 
lines 


size of display. The engraved characters 
are readable at a distance of twenty 
feet or more depending upon room 
illumination. Typical applications in- 
clude: counters, digital voltmeters, 
timing systems and clock displays. 
Tick No 197 on reply card 


REACTOR FLUX SCANNER 
Ion chamber method 


Shown for the first time in public at the 
Geneva Atoms for Peace exhibition was 
the new Plessey flux-scanning equipment. 
This enables rapid measurement of the 
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In a gas-cooled reactor the winding 
head is installed at the top of a fuel- 
ling standpipe and the ion chamber 
lowered through the desired channel 


neutron flux distribution within the core 


of a large gas-cooled reactor. The flux 
is measured by a small neutron-sensitive 
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ionization chamber which is lowered 
through the core on the end of a high 
temperature flexible cable from a wind- 
ing head installed in a standpipe on the 
pile cap. The output of the ion chamber 
is displayed on a chart recorder. A 
number of winding heads are installed 
across the pile cap and each head in turn 
is operated from a control panel adja- 
cent to the recorder. When not in use 
the ion chamber is raised by winding up 
the cable, to a position on the base of the 
standpipe. 

This ion chamber technique may be 
applied to reactors with a wide variety 
of core designs, using either rigid or 
flexible connectors. 

Tick No 198 on reply card 


CONTINUOUS AIR SAMPLER 
New French design 


The French company, Construction 
Radioélectriques et Electroniques du 
Centre (CRC, for short), are marketing 
an interesting air sampler, which records 
continuously alpha, beta and gamma 
activities (fype ASP 249). The sample 
is drawn into the apparatus by suction 
and deposited on a travelling filter paper 
and the activity—alpha or beta, or alpha 
plus beta plus gamma—measured by a 
semi-proportional counter with a thin 
mica window and registered on a chart 
recorder. 

Sensitivity of the instrument is suffi- 
cient to detect levels below the lowest 
tolerances (five alphas from radium or 
plutonium, per cubic metre of air). It 
can also record radon and_ thoron 
levels. The sampler is completely self- 
contained and is trolley mounted. It was 
shown at Geneva. 

Tick No 199 on reply card 


RESEARCH AND ISOTOPE 
REACTOR 


GA's TRIGA at Geneva 


One of the working reactors at the 
Geneva scientific exhibition was the 
TRIGA, manufactured by General Atomics 
Division of General Dynamics Corpora- 
tion. With a normal output of 10 kW 
and useful flux of 1011, the reactor is 
of the solid homogeneous water-cooled 
type. Fuel-moderator elements are of zir- 
conium hydride containing 20 pc en- 
riched uranium, clad with aluminium. 
Critical mass is about 2 kg (70 elements) 
and the maximum excess reactivity 0-5 
pe. A graphite reflector about 1 ft thick 
surrounds the core on the sides and bot- 
tom: it is sealed in a welded aluminium 
can. Top shielding is provided by six 
inches of graphite included in each fuel 
element. 

The core is contained at the bottom 
of a 20 ft deep, 6 ft-dia well and is 
covered by 16 ft of water. A small re- 


frigcration unit cools the circula. ng 
water which is also continuously ie- 
mineralized. 

Extreme safety in operation is clair ed 
for the reactor because the design of 
elements is such that a prompt nega’ ve 
coefficient of reactivity obtains at ll 
times. Core lifetime based on 10 kW, 
40-hour week, is estimated to be 2 
years. 

The two main purposes of TRIGA «re 
isotope production and training. An on- 
teresting isotope production rack is in- 
cluded, in which 40 specimens may be 
irradiated. These circulate round the 
core and are extracted and inserted one 
at a time through a single tube. A pneu- 
matically-operated rabbit tube is pro- 
vided for isotopes with very short half- 
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Costing about the equivalent of 

£50,000 the reactor is intended for 

training, research and  isotopes— 
hence TRIGA 


lives and several other irradiation faci- 
lities are also included. For educational 
purposes, a great variety of experiments 
may be arranged, including such things 
as measurement of absorption cross-sec- 
tion by the pile-oscillator method, 
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RADIATION MONITOR 
For high level testing 


The Hot Spot Monitor by Avo Ltd, is 
a very light portable battery operated 
instrument with a remote ion chamber 
for the measurement of radiation in- 
tensity in close proximity to high level 
sources of beta and gamma radiation. 
The ionization chamber is held by the 
operator at the remote end of an ex- 
tending rod and is constructed of suit- 
able ‘air-wall’ characteristic materials 
and has a volume of 150 cm’. The indi- 
cator unit is easily carried by the 


operator and radiation is observed 
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eaceful nuclear landmark: Rising 100 feet from the flat farmlands near 
{unich, Germany, is this aluminum-sheathed nuclear reactor, main labor- 
tory instrument of the nuclear research centre at Munich Technical 
University. Designed and built by AMF, the 1,000 kilowatt pool-type 

search reactor is the first to become operative in Europe under Presi- 
lent Eisenhower’s “Atoms for Peace” programme. 
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FIRST AMONG RESEARCH REACTOR BUILDERS— 


i | 


(Inset) The control console of the AMF-built Munich 
Research Reactor. The reactor will be used to train stu- 
dents in nuclear research, primarily in the field of solid 
state physics. It will also produce radioisotopes for use 
in medical and industrial research, as well as for use by 
the University itself and other educational centres. 





AME creates uow tool fer atomie probe! 


With the opening of Munich Technical Uni- 
versity’s new atomic research centre, AMF 
—the leader among research and training 
reactor builders—now has three installa- 
tions in operation, with twelve more in 
various stages of design and construction. 
In fact, AMF is today building more than 
twice as many research and training 
reactors* as any other company in the 
world! 

In the field of atomic power, AMF Atomics 
works in close cooperation with Dr. Walter 
H. Zinn and his General Nuclear Engineer- 
ing Corporation, as well as with Mitchell 
Engineering Ltd. of London. Together they 
have developed a number of advanced power 
reactor designs which offer great promise 
for the economic production of electricity 
in areas in which conventional fuel costs 
are high. 

Ship propulsion is a particular applica- 
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tion of nuclear energy in which AMF has 
specialized experience. Under a Nuclear 
Energy Programme sponsored by a joint 
committee of the U.S. Maritime Adminis- 
tration and the U.S. Atomic Energy Com- 
mission, AMF recently designed a Closed 
Cycle Boiling Water Reactor System for 
propulsion of a 38,000-ton tanker. The 
AMF design was approved by the joint 
committee and has now become the basis 
for a construction programme. 


Dockside refueling of a nuclear-powered 
vessel presented a knotty problem which 
AMF successfully solved. For example, the 
complete refueling of the nuclear subma- 
rine, “Seawolf,” is handled by such AMF 
equipment. 


Eminently qualified in all aspects of 
nuclear ship propulsion, AMF is prepared 
to conduct feasibility studies, design power 


plants, manufacture all or part of the com- 
ponents, furnish consulting and engineer- 
ing services, as well as supervision during 
installation, loading of fuel and sea trials. 
In addition to their reactor design and 
construction activities, AMF Atomics has 
also taken the lead in the development of 
reactor control-rod drives, remote material 
handling equipment and other specialized 
nuclear components. Such AMF equipment 
is now in service throughout the world. 


For a complete reactor facility, either 
for training, research, power or ship pro- 
pulsion...for specialized control and han- 
dling equipment...for authoritative assist- 
ance at any stage of your atomic energy 
programme...AMF nuclear design and 
development engineers will be glad to work 
with you on your specific problems. 


* Having operating power levels above 10 kilowatts 


Amonicon Machine ¢-Foundry Company 


AMF Building * 261 Madison Avenue * New York 16, N. Y, U.S.A. 


Manufacturing subsidiaries and sales offices: LONDON * GENEVA * BOLOGNA « SAO PAULO + TOKYO 
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directly on a 5 in. logarithmic scale. 
Readings can be obtained from 0:1 r/h 
to 500 r/h. 

With an instrument of this type it is 
not necessary to measure down to toler- 





The Hot Spot monitor uses a -00025 
in. aluminized Melinex window which 
is easily replaceable 


ance levels, i.e. 7°5 milliréntgen/h, as 
the operator can stand at a safe distance 
from the source of radiation. A proto- 
type instrument was shown at Geneva. 
Tick No 201 on reply card 


THERMOCOUPLE 

RECORDER 

New 500 point instrument 
A new multi-point thermocouple re- 
corder, which provides a permanent 
printed record of the temperature from 
any one of up to 500 points, the time at 
which it was taken and the channel 
identification, is being produced by 
Savage & Parsons, 

The recorder consists, basically, of 
two units. One contains a precision volt- 
age supply for the thermocouples, and 
the printing head, motor-driven slide- 
wire and servo equipment. The other 
unit is an_ extension box housing 
50 thermocouple connexions, 
switching and provision for a ‘cold 
junction Additional 
boxes—each with 50 thermocouples 
can be added, as required, to give up to 
500 points, 

The maximum temperature range with 
which the equipment can deal is be- 
tween 800°C-1000°C, depending on the 


selector 


oven.’ extension 


type of thermocouple used. Measure- 
ments are recorded on a 3-in. strip 
chart, capable of accommodating a total 
of 3000 readings on its 50-foot length. 
The maximum rate of printing is 
approximately 100 measurements a min- 
ute, each measurement comprising the 
three variables (time, temperature and 


channel). 
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IN BRIEF 


Atomic lights Phosphor-coated tritium- 
filled tubes for emergency lights in air- 
craft has been produced in prototype 
form by US Radium Corporation. De- 
pending on brightness required they can 
last 25 years and are visible at about 
100 ft. One use is for emergency exists. 
Tick No 203 on reply card 

Internal welder For automatic welding 
of internal seams in 
Quasi-Arc Ltd have introduced a new 
High Lift Internal Welder. It can work 
inside vessels of 2 ft 6 in. to 10 dia and 
up to 10 ft long. 

Tick No 204 on reply card 

Insulation tester The Mk III portable 
flash tester by Gresham Transformers 
Ltd incorporates several improvements 
over the Mk II model and is now in full 
production. It’s suitable for testing up to 
2500 volts a.c. 

Tick No 205 on reply card 

Safety lock-up valve Mason-Neilan type 
76 lock-up valve from Crosby Valve & 
Engineering Co Ltd locks the gate in its 
last position if a failure of the air supply 
should occur. It can be set to lock at any 
pre-set pressure and is suitable for con- 
trol processes which are relatively stable. 
In this way a complete shut-down can 
be avoided. 

Tick No 206 on reply card 

End-window GM tubes A large range of 
these is now available from Nucleonic 
Corpn. of America. It includes detectors 


narrow vessels 


On the Savage & Parsons stand a pre- 
production model was shown attached 
to a small model of a reactor core, as 
one of the expected uses is the continu- 
ous reading of reactor-core temperatures. 

An added advantages is that by em- 


with bismuth mesh cathodes that ¢ o- 
vide high sensitivity to gamma—e: »e- 
cially to those from I-131. 
Tick No 207 on reply card 


Gas regulator New types of single-st 2e 
regulator for CO., Acetylene, Oxy en 
and Propane have been designed »y 
British Industrial Gases Ltd to moet 
needs of shipyards, constructors etc. | )e- 
signed for low cost, they are suitable | or 
all standard welding equipment. 

Tick No 208 on reply card 

High speed fastenings Widely used in 
the US, the Avdel Lockbolt is availa le 
in the UK from Aviation Developmeiits, 
Unskilled man can fix up to 30 a min- 
ute using special gun. 

Tick No 209 on reply card 
Corrosion-proof handrails Forged stan- 
chions and extruded tubing in Noral 
alloy, polished and anodised, from 
Northern Aluminium. Needs no paint- 
ing or maintenance. 

Tick No 210 on reply card 

Muffle furnace Three sizes for labora- 
tory or toolroom from Metalectric Fur- 
naces. Muffle can be removed through 
door without disturbing insulation. 
Tick No 211 on reply card 


New alloy J. Stone and Co (Charlton) 
offer magnesium-base alloys containing 
silver, rare earth metals and zirconium. 
Known as MSL alloys they have good 
creep resistance at high temperatures. 
Tick No 212 on reply card 


ploying an alternative extension box, 
with resistance strain gauges instead of 
thermocouples, the equipment can be 
used as a multi-point static strain re- 
corder. 

Tick No 202 on reply card 


The recorder on the right contains precision voltage supply against which the 

thermocouples are balanced, the printing head and motor-driven slidewire equip- 

ment. Unit on left houses t/c connexions, selector switches and cold junction. 
Top is the junction box 
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c on’t be prehistoric... 


get wise to modern methods 
of machinery control 

























If you could control rotating machine drives with 
split-second precision—stop and start instantane- 
ously yet without strain—cycle, reverse and index 
at the touch of a button—would it not help you 
to attain faster, easier production? Undoubtedly, 
and you can achieve this standard of automatic 
control quite simply by fitting Warner Electric 
Brakes and Clutches. 

Designed to occupy the minimum of shaft 
length, these electro-magnetically actuated friction 
couplings can be fitted to existing machinery as 
easily as they can to new machines. Other 
advantages of Warner Electric Brakes and 
Clutches include automatic compensation for 
wear throughout the life of the unit, effective heat 
dissipation and absence of side or end thrust. 





















































































































































Write today for descriptive Warner brochure. 


ST. HELEN’S AUCKLAND, CO. DURHAM 
Phone: West Auckland 551/5 Grams: Solenoid, West Auckland 
Birmingham Office: 7 Newhall Strcet, Birmingham 3 + Telephone: Central 3901 





Westool also make : Coils & Coil Winding Machines, Transformers & Chokes, A.C. & D.C. Solenoids, Grinding Attachments, Air Conditioners, etc. 
TIB.95 
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They said... 


points from papers, specches, conferences 





WORLD POWER CONFERENCE 


4 BIG PROGRAMME of both high 
temperature gas-cooled and fast reactors 
in the UK would need more plutonium 
than the early nuclear power stations 
1970, and 


it will probably be worth while to use 


could produce before about 





J. A. JUKES 
It would work in theory 


some enriched fuel from the diffusion 
plants to get the system going sooner 
and faster. In a paper on the Economics 
of Nuclear Fuels at the Canadian sec- 
tional meeting held in Montreal from 
September 7-11, J. A. Jukes and J. K. 
Wright of the AEA emphasized that a 
large installation rate of HTGR’s—say 
1000 or 2000 MWe a year—would re- 
quire several tons of plutonium (or 
U-235) each yeear. Although in theory 
it would be possible to develop a bal- 
anced programme of reactors in which 
the introduction of various types was 
so phased that plutonium produced just 
equalled enriched material required, this 
would lead in practice to a long initial 
period in which natural-U reactors were 
used exclusively, and the introduction of 
enriched systems would be slow. 
Another problem will be 
posed by the use of expensive canning 
materials like beryllium and zirconium. 
It is probable that in both cases the first 
production versions of the fuel elements 
will prove costly and will involve the 
rejection of some proportion of those 
manufactured. Even after use there is 
the possibility that irradiated fuel ele- 
ments may have to be segregated 
according to canning material or fuel 
enclosed which will step up costs. For 


economic 
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uranium at 
richment it 


various Jevels of low en- 
may be necessary to run 
the chemical processing plant on a 


batch basis, cleaning it out between runs. 


“Germany determined to get in‘ 


West Germany has every intention of 
building and exporting its own atomic 
power stations and considers that this 
important objective for 
exports in the future, said Prof Dr-Ing 
K. Wirtz, of the reactor station and 
high school, Karlsruhe, in a 
paper on nuclear power in West Ger- 
many. 


constitutes an 


technical 


Procuring research reactors 
abroad was merely an emergency mea- 
sure, he stressed. The real aim was the 
development of research and power reac- 
tors in Germany. Conventional power 
stations have always been exported, and 
manufacturers—especially 


city concerns 


large electri- 
cannot afford to ignore 
development. ‘At the same 
time,’ Professor Wirtz went on, * it must 
be realized how difficult it is to intro- 
duce the requisite originality into Ger- 
man work when the simple lines of 
reactor development have already been 
undertaken in foreign countries—often 
with considerable outlay.’ Every attempt 
in this direction encounters big finan- 
cial risks in addition to the technical 
difficulties. Nevertheless, five groups have 
announced willingness to take part and 
it is intended to develop several differ- 
ent types of power reactor independ- 
ently by 1965. These are: (a) graphite 
moderated gas cooled using natural-U 
(b) heavy water moderated and cooled 
natural-U fuelled (c) light water 
moderated and cooled using slightly 
enriched U. All these would be 100 MW 
capacity, and in addition a 15 MW high 
temperature gas cooled power experi- 
ment employing enriched-U would be 
built. The Federal Minister for Atomic 
Energy is holding out the hope of finan- 
cial support for firms and future custo- 
mers who wish to participate. 
Reviewing the capacity of German in- 
dustry to carry out its own atomic pro- 
gramme, Professor Wirtz said natural 
uranium and heavy water will be ob- 
tained from inside Germany, supple- 
mented by imports where necessary. The 
graphite capacity is adequate and spe- 
cial materials such as zirconium can 


the new 


also 


be produced, The manufacture of | iel 
elements, which is already possible on 
a small scale, is to be expanded an a 
plant for reprocessing fuel elements at 
the rate of 300-500 tons a year \.as 
planned—though initially Germany . ill 
take part in the OEEC project. In acdi- 
tion priority is to be given in the p-o- 
gramme up to 1965 for the building of 
an institute to study the metallurgi- 
cal and engineering problems of us ng 
plutonium. ‘It is not intended,’ he con- 
cluded, ‘that the programme up to 1°05 
shall have any noticeable effect on ene: zy 
supply. It is independant of any imports 
of atomic power stations in the mein- 
time and is meant only to promote the 





development of German power reactors.’ 





J. K. WRIGHT 
Fuel elements will be dear 


Radical changes ahead ? 


The metallurgical problems involved in 
working at gas temperatures of 550 
600°C in future graphite moderated gas- 
cooled reactors could be so severe that 
it might be best to scrap the present 
system of plant layout and try a radi- 
cally different approach. Sir Christopher 
Hinton and L. Rotherham from the 
CEGB advanced this view in_ their 
paper ‘A review of the future of nuclear 
reactor systems.’ They emphasized that 
the high temperature gas-cooled reac- 
tor—which will have to use ceramic fuel 
canned in some such material as beryl- 
lium to achieve much higher ratings and 
burnup—will need ‘very great’ techni- 
cal advances, and it would be a mistake 
to assume that these will be confined to 
fuel elements. Though this is the main 
problem gas pressure will have to be 
raised to get the higher ratings, and ‘ we 
shall be seeking to do this at a time 
when the conditions for the pressure 
shell are being made more difficult by 
the fact that gas outlet temperature will 
be between 550° and 600°. 

This might be dealt with by the use of 
alloy steels for the pressure vessel and 
gas circulating ducting. ‘But it seems 


NUCLEAR POWER October 1958 








in 
sO 

as- 
hat 
ent 
\di- 
her 
the 
elr 
ear 
hat 


‘uel 
ryl- 


ini- 
ake 
| to 
ain 

be 
we 
ime 
ure 

by 
will 


4 of 


and 
ems 


958 








Zirconium offers a combination of 
useful properties very attractive to the 
nuclear engineer. 

With high mechanical strength, low 
neutron absorption and good 
compatibility with uranium as natural 
assets, zirconium can be alloyed to 
provide in addition good corrosion 
resistance to water at high 
temperatures, 
or to carbon dioxide. 


Zirconium 


THE SPECIALIST'S ANSWER TO A SPECIALIST'S PROBLEM 












1.C.1. Metals Division, intimately 
concerned with the metallurgical 
problems of nuclear engineering 
since the inception of the industry, 
is Britain's largest producer of 
wrought zirconium. 





es, first in nuclear metals 
aaa (7 Pirrt 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON S.W.1. 
N.C.2 
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probable,’ they said, ‘ that a more elegant 
solution lies along the lines of a com- 
pletely new conception in the layout of 
the plant. Patents have been taken out 
in the United Kingdom for an integral 
type of reactor and heat exchanger 
which obviates the problems of duct 
design and ensures that the pressure 
shell is not subjected to the top tem- 
perature of the coolant but only to the 
temperature of the gas re-entering the 
reactor core.’ 

Other difficulties in achieving the type 
of design envisaged include the possi- 
bility that chemical reactions between 
the moderator and coolant may be seri- 
ously accelerated at the neutron intensi- 
ties which will exist in so highly rated 
a reactor. These and other similar prob- 
lems are being studied and the work 
will be further developed when the ad- 
vanced prototype has been built. 


SGR may be a success in America 

In a review of present reactor sys- 
tems the authors pointed out that a 
prospective buyer for a land-based re- 
actor in the western world would give 
serious consideration to only two types 

the graphite moderated gas cooled 
developed in Britain and the pressurized 
water system preferred by America. 
Liquid cooling would give higher fuel 
rating than gas cooling at any stage of 
reactor simply 
liquids are better conductors; but on 
the other hand it will always be pos- 
sible to get higher temperatures by 
using gas since top temperatures are 
limited not merely by metallurgical 
problems at the centre of the fuel 
element but also by problems of attack 
on the can and other parts of the reactor 
by the coolant. Whatever the coolant 
these problems become more acute as 
temperature rises but it is always pos- 
sible to select gases which are less re- 
active than any available liquid. An 
increase in fuel element rating at any 
top temperature decreases capital cost, 
but raising the top temperature in the 
heat cycle reduces the capital cost not 
only of the reactor but also the heat 
exchangers, turbines etc. ‘It therefore 
seems that increases in top temperatures 
will be more important than increases 
in rating in reducing capital operating 
costs, which makes the gas-cooled type 
still the most promising line of develop- 
ment for land-based reactors.’ 

There may be specialized fields—ships 
are an example—where high ratings will 
be of greater importance than high top 
temperatures and in these fields the 
liquid-cooled type ‘will be important.’ 

At present the only system which 
appears to offer some prospects of com- 
peting with graphite-moderated  gas- 
cooled and pwrs for large land-based 
power stations is the graphite-moderated 
sodium-cooled reactor. But though 


development because 
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studies suggest that it could produce 
power more cheaply than the gas-cooled 
type, this goal could only be achieved 
after construction first of a prototype and 
then, after a reasonably long period of 
operation, the building of an industrial 
plant. It could therefore hardly be in 
operation before 1965 and costs ‘ appear 
to be above those we predict for the 
gas-cooled type at that date. This is why 
the Atomic Energy Authority has 
decided not to devote attention to it— 
but this does not mean that it might 
not be attractive in the US.’ It demands 
a fairly high degree of enrichment and 
the low cost of this in America ‘ might 
swing the pendulum.’ 


Waiting for beryllium 

It may well pay to hold back gas out- 
let temperatures to achieve greater sav- 
ings in capital cost and extra reliability 
until a new canning material permits a 
really significant advance in tempera- 
ture; this suggestion was made in the 
paper on ‘Trends in design of large 
British nuclear power stations, by H. 
West and A. L. Shaw of the AEI-John 
Thompson Nuclear Energy Company. 
Whereas in coal-fired stations the big- 
gest need for improvement is in thermo- 
dynamic efficiency, for nuclear power 
the main design attack should be on spe- 
cific capital cost with steam cycle im- 
provements regarded rather as an addi- 
tional—though highly desirable—bonus. 

To increase heat output without 
materially affecting fuel element design 
performance ‘quite spectacular’ results 
can be obtained by such means as in- 
creasing core diameter by 10 pc, reduc- 
ing lattice pitch (thus increasing the 
number of channels) stepping up cool- 
ant gas pressure by about 40 pc, and 
raising blower power slightly. This has 
been done in the Hinkley Point design 
and it increased net electrical output by 
60 pc. ‘It should be noted, the paper 
goes on, ‘that the designers accepted 
a lower overall thermal efficiency of 
25-5 pce. They aimed at achieving a nice 
balance between capital cost savings and 
overall thermal efficiency.’ 

Compared with Hinkley Point the 
next round of nuclear power stations in 
the UK is ‘unlikely’ to show very great 
improvements in technical performance. 
rhey will represent a stage of consolida- 
tion and general detailed design improve- 
ments pending the introduction of a new 
canning material. It is possible that 
beryllium will be used initially in reac- 
tors commissioned in the middle 60’s 
and developed to operate at higher tem- 
peratures towards 1970. ‘However’ say 
the authors ‘we should be doing a dis- 
service to prospective users of nuclear 
power if we were to be over optimistic 
about reductions of specific capital cost 
in the next two years. 


BRITISH ASSOCIATION 


Annual meeting Aug 27—Sep 


mw 


Nuclear rockets in 10 years ? 

The use of nuclear power for roc<et 
propulsion might be feasible when he 
limits of development with chem: cal 
fuels are reached in about ten yeirs 
time, said J. Edwards, of the Ato: ic 
Energy Research Establishment, Har- 
well, recently. Presenting a paper on 
Nuclear Propulsion — prospects (‘or 
ships, aircraft and on land, to the mcet- 
ing of the British Association, he dis- 
closed that a practicable method of pro- 
pulsion could be obtained by using the 





J. EDWARDS 
Use reactor coolant 


reactor coolant. This, stored in a liquid 
form, would be passed through the re- 
actor core, thus being heated to a suit- 
able temperature, and then expanded out 
through a convergent-divergent nozzle. 
A low molecular weight material such 
as hydrogen would probably be used and 
to get worthwhile velocities a reactor 
temperature of the order of 4000°C 
would be required. Thermal output of 
the core would have to be about 10OMW 
per ton of thrust developed for exhaust 
velocities of 32,000 fps or more. He 
stressed that the rockets would almost 
certainly need to be unshielded, and the 
degree of reliability to guarantee un- 
premeditated return to earth presents as 
big a problem as the development of 
the nuclear power plant itself. 

Within the next ten years there was 
little likelihood of nuclear propulsion 
plant being built and operated by the 
UK for anything other than ships. Here, 
if the large submarine tanker was ever 
required it would probably only be made 
practicable by the use of nuclear energy. 
Real advantages might show at speeds of 
over 50 knots and at such speeds it was 
likely that propellers would be replaced 
by jet propulsion. 
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HKiow to select 
ne right alloy 


TO RESIST CORROSION °* 


Many Wiggin wrought nickel alloys are outstanding because 





of their resistance to corrosion by a wide range of media. 


Atmospheric Corrosion : INDooRS most high- 
nickel alloys are immune. In industrial 
sulphurous atmospheres Inconel is super- 
ior. OUTDOORS the rate of attack is low. 
Inconel remains bright in most atmos- 
pheres. Even where Monel tarnishes, there 
is no destructive corrosion. 


Fresh and Salt Water: When water high in 
salts and dissolved gases is handled, 
Inconel is the preferred material. In salt 
water, Monel is generally preferred in 
submerged exposure and Inconel in ex- 
posure to marine atmospheres. Monel is 





Heat exchanger for chemical processing with tubes 
of Low-carbon A T Nickel welded toa nickel-clad 
steel tube plate. The dished head is also of nickel. 
Bertrams Limited. 


The choice of materials for corrosion-resistance is a job for the expert. 


the ideal material for propeller shafts, 
fastenings, valves and pump parts handling 
salt water. 


Neutral and Alkaline Salts: Nickel resists 
this type of attack while Monel is widely 
used in salt processing. Inconel is especially 
suitable for equipment handling food and 
refrigerating brines since it resists pitting. 


Acid Salts; Generally Monel is superior to 
nickel and Inconel with acid salts such as 
zinc chloride, ammonium sulphate and 
aluminium sulphate. Inconel is one of the 
few materials available for use in contact 
with hot, strong solutions of magnesium 
chloride and is superior for resisting 
oxidizing acid salts. 


Oxidizing Alkaline Salts: Hypochlorites are 
the only common alkaline salts corrosive to 
Monel, nickel and Inconel. 


Mineral Acids: Monel is among the few 
mechanically strong materials which resist 
corrosion by dilute hydrochloric and 
sulphuric acids. It is resistant to air-free 
hydrofluoric acids of all concentrations 
and at all temperatures including boiling. 
Monel is used in sulphonation, pickling 
and hydrofluoric acid alkylation. Nickel is 
useful in chlorination equipment. 


Monel, Inconel, Corronel B, Ni-o-nel and Nimonic are registered trade marks. 


wit at WA» 





Chlorination vessels of Monel used in the produc- 
tion of selective weed killers. Fisons Pest Control 
Limited. 


Oxidizing Acids: Such as nitric in con- 
centrations over 20 per cent have little 
corrosive attack on Inconel. 


Organic Acids and Compounds: Inconel 
resists this type of attack so well that it is 
widely used in food processing and 
pharmaceutical manufacture. Nickel is 
frequently chosen for food processing 
equipment because of its ability to protect 
purity. Monel is useful in resisting cor- 
rosion in the manufacture of fatty acids. 


Alkalies: Alkalies such as caustic soda have 
practically no corrosive effect on nickel. 
In less severe applications Monel is often 
used. Inconel is chosen where alkaline 
sulphur compounds are handled. 


Wet and Dry Gases: At atmospheric tem- 
peratures no dry gas is actively corrosive 
to nickel or to Inconel. Nickel is one of 
the most useful materials for handling 
chlorine, fluorine and bromine at tem- 
peratures up to about 540°C. and is free 
from corrosion by steam up to 425°C. 
Inconel is used for handling steam up to 
about 800°C. Above this temperature one 
or other of the Nimonic Series of Alloys is 
generally used. 


Beside Monel, Inconel 
and nickel, other alloys such as Corronel B and Ni-o-nel have been developed for specific 
problems. Our Technical Service engineers are always ready to give advice on the detailed 
applications of wrought high-nickel alloys in the light of many years specialised experience. 


WIGGIN KNOW NICKEL ALLOYS 


ee I 





MUG) Gel. NLU 





Resist high and 
low temperatures strength purity 


Provide high Protect product Provide electrical Resist Transfer Provide 
properties 


wear heat workability 


Provide spring 
properties 





, WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM 16 
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Tick No 181 on reply card 


THE PHYSICAL 
SOCIETY 


The Physical Society covers all aspects 
of physics in its conferences and 
publications. Below are given some 
items of particular interest to the 
nuclear physicist. 


CONFERENCES ON 
NUCLEAR PHYSICS 


Held twice yearly in various parts o 
the country. 


PUBLICATIONS 


Proceedings of the Physical Society 
monthly. See especially issue of 
January 1957 B for papers on the 
Pinch Effect. 

Reports on Progress in Physics— 
annually, containing articles on vari- 
ous physics. 
available. 


aspects of Separate 


articles are also Recent 


articles include : 


Production and Measurement of 
High Temperatures 
by W. Lochte-Holtgreven 
Mesonic Atoms, by D. West 
High Energy Protons 
by A. E. Taylor 
The Proton Synchrotron 
by J. P. Blewett 


Topics in Neutron Diffusion Theory 
by J. H. Tait 


EXHIBITIONS 


An exhibition of Scientific Instru- 
ments and Apparatus is held annually 
in London. The next exhibition will 
be from 19th to 22nd January, 1959. 
The Handbook will be available in 
December. Previous Handbooks are 
still in print. 


For full details of publications and 
membership apply to: 


THE SECRETARY-EDITOR, 
THE PHYSICAL SOCIETY 
1 LOWTHER GARDENS 
PRINCE CONSORT ROAD 
LONDON, S.W.7 
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In print again 


Sourcebook on Atomic Energy (2nd Edn) 
by Samuel Glasstone, Princeton 1958: 
D. Van Nostrand. 641 pp Price 34s. 

For far too long Dr Glasstone’s monu- 
mental work has been quite unobtain- 
able in second- 
hand—and the appearance of a greatly 
improved second edition is an event to 
be welcomed by all nuclear scientists 
and engineers. Published as far back as 
1950 the first edition of the Sourcebook 
went through about 50,000 copies in its 
English edition alone and with the tre- 
mendous growth in activity since that 
time it probable that the pub- 
lishers will have a science best seller on 
their hands—particularly since the price 
moderate wealth of 


this country—new or 


seems 


is so for such a 


material. 
To those unfamiliar with the work it 
should be explained what the Source- 


hook is: it is really a sort of Materia 
Vedica of nuclear science—not a text- 
book. Nothing is fully developed, no 


proofs are given and irrelevant ephe- 
meral details are omitted. But an out- 
line at least is here to every basic con- 
cept as it is present. 
Throughout, Dr Glasstone uses the his- 
torical approach and always 
ledges the authors of the 
coveries from Democritus down to the 


understood at 


acknow- 
various dis- 


present day scientists. This means it can 
be read like a novel and in fact is quite 
hard to put down. 

The value of Glasstone’s Sourcebook 
is really twofold. It is extremely useful 
for brushing up one’s half-forgotten phy 
sics and even filling gaps in knowledge: 
it is also invaluable as a starting point 
for beginning some new study. In the 
last respect it is a pity that even in the 
second edition there are no references 
given. Agreed, it would need a complete 
companion volume to list every original 
paper but one would have thought that 
a select bibliography at the end of each 
chapter might have improved the book. 

The following are the main chapter 
headings: Foundations of atomic theory, 
fundamental particles, energy and radia- 
tion, atomic structure, natural radioac- 
tivity, measurement of nuclear radia- 
tions, properties of nuclear radiations, 


isotopes, acceleration of charged par- 
ticles, artificial radioactivity, the neu- 
tron, nuclear forces and structure, fis- 


sion, utilization of nuclear energy, reac- 
tors, the new elements, uses of isotopes 
and radiation, cosmic rays and strange 
particles, radiation protection and 





health physics. Altogether a wor! of 
great scholarship and one of remurk- 
able value in these times. 

W. Day dson 


00132d per word 


Van Nostrand’s Scientific Encyclopedia 


(3rd Edn) London 1958: Van Nostrand 
1846 pp Price £11 
In the twenty years that separate the 


first edition of this monumental work 
from this complete revision the world of 
expanded at a _ terrifying 
speed and new ideas, concepts and even 
words are coming into current usage 
every day. The new Van Nostrand gal- 
lantly copes with this avalanche and is 
complete up to the end of 1957. On 
basic things such as mathematics it is 
particularly 
finalized subjects like nuclear energy it 
concisely gives the situation at the time 
of writing. 

The only possible way to review a 
book of this nature is to try a few spot 
checks: reading is out of the question 
as there are said to be 2 million words 
contained in its 14,000 articles and 
100,000 definitions. This process failed to 
reveal any 


science has 


valuable and even on less 


startling omissions in 
fields familiar to the reviewer. 


very 


The encyclopedia of course covers the 
whole field of science and this accounts 
for its great bulk. A much more man- 
ageable system—which it is hoped the 
publishers will adopt for the inevitable 
4th edition—would be to divide science 
into the two broad divisions of Life 
and Physical sciences. This will probably 
prove difficult when it comes to cer- 
tain areas of organic chemistry but at 
least it would prevent nephritis getting 
mixed up with neptune and neptunium 

New editions seem to appear about 
ten years and with the present 
rate of growth in all the sciences the 
1968 edition looks like being a formid- 
able undertaking but a very worth while 
one. } 

Meanwhile this edition should cer- 
tainly be in any science or technical 
library worthy of the name. 


every 


Wheat and chaff 


Separation and Purification of Materials 
by Rolt Hammond. London, 1958: Hey- 
wood & Co 337 pp £2 10s. 

In trying to produce a_ technological 
textbook of interest to both the gradu- 
ate and the non-graduate the author has 
certainly attempted something very much 
worth while, and the difficulty of achiev- 
ing such an object satisfactorily can be 


NUCLEAR POWER October 1958 








of 


dson 


edia 
and 


va 
spot 
tion 
ords 
and 
d to 
» In 


the 
unts 
nan- 

the 
able 
once 
Life 
ably 
cer- 
t al 
‘ting 
lum 
bout 
sent 
the 
mid- 
yhile 


cer- 


lical 








d by the dearth of this type of 
It is therefore not surprising that 


‘-esult does not quite succeed in 
ing this high aim. Probably one of 
iain difficulties is that the book 


s a very large field, which does not 
it easy to deal with any one aspect 
iently to present an adequate 
unt of data on the equipment avail- 
factors affecting the choice of 
pment and means of assessing the 
ormance. To give a typical example 
this one can take the chapter on size 
This deals in some detail 
th screens manufactured by Russell 
Construction Ltd, but does not mention 
well-known Locker screen. A 
inclusion would have been 
on various standard sieves, 
misunderstandings on mesh size fre- 
quently lead to confusion in practice. 
Similarly under separation of solids 
from gases some information on cyclone 
and pressure drops would have 
invaluable but has unfortunately 
not been included. The author has prob- 
ably also made his life rather difficult in 
the way he has subdivided his subject- 
matter, e.g. air separation appears under 
separation of solids, whilst sedimenta- 
tion and fluidization appear under sep- 
aration of solids from liquids; as far as 
their separating function is concerned 
all these depend on fluid drag and ter- 
minal falling velocity and they should 
be classified together. Finally there are 
the book, such 
as the failure to mention the processes 
used for separation of gases by lique- 
faction. 


separation. 


the very 
very useful 
some data 


a 


L 


$1Zes 


been 


important Omissions in 


L. Mitlin 
This review originally appeared in CONTROL 


Possibilities in atomic power 


Chancen in der Atom-Wirtschaft by 
Heimo Hardung-Hardung. Disseldorf 1958: 
Econ-Verlag GmbH. 

From the viewpoint of the industrialist 
and economist, Herr Hardung-Hardung 
has written a useful review of the whole 
subject of atomic energy. On the whole, 
he avoids the more scientific aspects and 
concentrates on the technical, health and 
financial problems. An English book of 
this nature is badly wanted and Chancen 
in der Atom-Wirtschaft might well be a 
useful model although a direct transla- 
tion would only be of limited interest in 
this country. 


World nuclear activities 


Actividades Nucleares en el Mundo by the 
Marquis de Loriana Madrid 1958 : Servicio 
de Estudios del Banco Urquijo 
Published by the Urquijo Bank, a lead- 
ing member of the Spanish Tecnatom 
nuclear energy consortium, this volume 
provides a brief semi-commercial re- 
view of nuclear activities throughout the 
world which should be particularly use- 
ful in Spanish speaking countries. 
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- HEAT 
° EXCHANGERS 


By W. HRYNIZAK, D.Sc., Dip. Ing. 
C. A. Parsons & Co., Ltd. 


This book is not concerned with the process 
of heat transfer itself, but with the apparatus 
performing this transfer and the best way of 
designing and fitting it into a gas turbine so as 
to obtain, depending on its applications an 
economical unit. It is felt that the manner in 
which the thermodynamical optimization of 
the gas turbine air preheater has been treated, 
will be of part:cular interest in connection with 
supercritical steam cycles and nuclear power 
applications. 

The book will supply an authoritative and 
long felt need to the engineer and will not be 
without interest to the physicist who is more 


and more becoming involved in direct appli- 


cations of thermodynamics. Price 63s. 


GLOVE 
BOXES 


and 


SHIELDED 
CELLS 


Editor: G. N. WALTON, M.A. 
A.E.R.E. Harwell 


In the United Kingdom Atomic Energy 
Authority, operating experience in handling 
bulk quantities of radioactive materials in the 
laboratory has been mainly obtained with «- 
Conse- 
quently in the choice of papers for the 1957 
Harwell Symposium, of which this book is a 
record, most attention was given to the design 
and operation of equipment which has been 
developed for handling these materials. Ex- 
perience gained in France, and in the U.S.A., 
as well as in the Research, Industrial, and 
Weapons Group of the U.K. was covered as 
fully as possible. 

The increasing experience being obtained in 
handling irradiated fissile materials and high 
B and y-active sources is reflected in the num- 
ber of papers included here on the develop- 
ment and use of equipment for these sources 
which require shielding. 

Many more people, in a large number of 
countries, will be using these techniques in the 
next few years and it is essential that a fund 
of information on safe methods be built up 
and made easily accessible to all. This publi- 
cation from U.K.A.E.A., Harwell, will prove 
an invaluable guide for those engaged in 
meeting these needs. Price 95s. 


active materials such as plutonium. 


Full details available, 
post free, from 


Butterworths 
Scientific Publications 
4 & 5 Bell Yard 
London, W.C.2 
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BOOK 
SERVICE 


All the books reviewed in 
Nuclear Power and all 
other scientific and tech- 
nical books and period- 
icals from all over the 
world may be obtained 
from:— 


BLACKWELL’S 


BROAD STREET 
OXFORD 


Catalogues sent regularly 


on request 
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NAMES 


IN THE 


NEWS 


Managing director of Crossley-Premier 
Engines Ltd, Mr W. G. Pinder has joined 
the board of the parent company Cross- 
ley Brothers Ltd. 


Mr Hugh Beck has been appointed to 
the Board of Crossley-Premier Engines 

he is already on the board of Crossley 
Bros. Mr J. I. Pugh, previously secretary 
and chief accountant of Crossley Bros 
also joins the board of Crossley-Premier 
Engines and is succeeded 
Bros by Mr J. Shiels. 


at Crossley 


Mr George Campbell has been made gen- 
eral manager of The Plessey Co’s chemi- 
cal and metallurgical division. He was 
formerly technical manager and deputy 
manager of the firm’s Towcester plant. 


Ashmore, Benson, Pease & Co, a mem- 
ber of The Power-Gas Group have 
appointed Mr G. B. Taylor to be sales 
manager (works division), and Mr R, H. 
Foster to be works manager. 


Chris J. Brous has joined Atomics Inter- 
national as assistant chief of engineering. 
He was previously manager of AMF’s 
nuclear laboratory and also worked at 
Argonne. 


Dr R. V. Hughes has taken up a new re- 
search appointment at Ruston & Hornsby 
Ltd where he will be responsible for 
the administration of the research centre 


CATALOGUES 
AND 
BULLETINS 


* About Vitreosil’ is the title of a refer- 
ence book just issued by The Thermal 
Syndicate Ltd, and it is believed to be 
the only book dealing specifically with 
fused quartz and silica in the world. A 
new material Spectrosil, claimed to be 
unaffected by exposure to gamma radia- 
tion and pile radiation 
tioned. 

Tick No 185 on reply card 


is also men- 


Revised edition of the Guide to correct 
instrument selection has been brought 
out by Taylor Controls Ltd, who also 
have new literature on a potentiometer 
transmitter and other instruments avail- 
able. 
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and the technical development 
gramme for diesel engines, 


pro- 
Solartron Electronic Group have ap- 
pointed Mr T. Morrison their instru- 
ment sales manager for the UK, 

Mr K. F. Crayford has become sales 
manager of the government and indus- 
trial valve division of Mullard Ltd 
which comprises both the communica- 
tions and industrial department 
and the government radio valve depart- 
ment. 


valve 


President-elect of the Institution of Min- 
ing and Metallurgy for 1959-60 is Dr 
J. H. Watson. He succeeds Mr J. B. 
Dennison. 


Dr Louis A. Turner has been appointed 
deputy director of Argonne National 
Laboratory. Dr Turner, who has written 
several articles on the subject of nuclear 
fission was formerly director of Ar- 
gonne’s physics division, 

Mr W. E. Preston has joined the staff 
of Foxboro-Yoxall as technical represen- 
tative in the north of England. 


Joint managing director of Firth-Vickers 
Stainless Steels Mr J. T. W. Dewar has 
become managing director on the re- 
tirement of joint managing director Mr 
C. E, Holmstrom. 


Sir Francis Evans and Mr L. W. Cole 
have been elected to the board of Dew- 
rance & Co to fill the vacancies created 
by the resignation of Admiral Sir Cecil 
Harcourt and Mr Hector McNeil. 


The British Oxygen Co Ltd _ have 
appointed Mr A. P. M. Purdon opera- 
tions study manager. He will be in charge 
of central operational research and work 
study. 


Geartight unions as used in many indus- 
tries and supplied to both Berkeley and 
Hunterston are illustrated in booklet 
from Geartight Unions Ltd. 

Tick No 187 on reply card 


Special issue of the Clyde Booth News- 


letter commemorates the erection of 
their largest ever crane—the 200-ton 
capacity Goliath for Bradwell. 

Tick No 188 on reply card 

Issued to coincide with the Geneva 


Atoms for Peace Exhibition, a booklet 
entitled TI’s contribution to the nuclear 
engineering industry is available in six 
languages. 

Tick No 189 on reply card 


Interesting brochure from Simon-Carves 
Ltd describes the many aspects of their 
work in the civil engineering field. Of 
particular interest is the work of their 
soil mechanics and site exploration divi- 
sion. 
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Sir F. EVANS 


G. CAMPBELL 





L, W. COLE 


Ltd des 
introduced portable 
melting pot for zinc, lead, tin, etc. It is 
designed to operate at temperatures up 
to 600°C. 


Leaflet from Barlow-Whitney 
cribes a_ recently 
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Carrier system of absorption refrigera 
tion which utilizes steam used indus 
trially for heating or processing is con- 
cisely described in a publication from 
Carrier Engineering Co Ltd. Machine 
has push button and thermostatic con- 
trols. 

Tick No 192 on reply card 


Sunvic Controls Ltd are able to supply 
technical publications on a wide variety 
of their products ranging from energy 
regulators to liquid level controllers. A 
brochure on instrumentation for atomic 
energy is also available; the text is in 
three languages. 
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1389 (NS88) Reactor Period Meter 








1463 (NS93) Ratemeter 
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1463 (NS938B) Fast Neutron Head 
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Ekco Electronics supplied and installed the 


complete nuclear instrumentation for reactors at Harwell, Dounrey 
and Sydney; the complete nuclear intrumentation for the new reactor at 
Riso, Denmark, will also be supplied by Ekco. In addition to these installations 
Ekco equipment has been incorporated in practically every reactor built to date. 


Typical instruments from the Ekco range of reactor equipment are illustrated. 


Please write for further information. 


EKCO 


ahead in reactor instrumentation 


LTD =: SOUTHEND-ON-SEA - ESSEX - Telephone: Southend 49491 
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Research Reports 


The following reports have been made available to the public by the United 
Kingdom Atomic Energy Authority. They may be borrowed or photocopies 
obtained from the Science Library, London, Department of Industrial and 
Forensic Science, Belfast, the Mitchell Library, Glasgow, and the Central 
Libraries at Acton, Birmingham, Bristol, Kingston-upon-Hull, Leeds, Liver- 
pool, Manchester, Newcastle-upon-Tyne and Sheffield. They are also deposited 
in the Copyright Libraries (i.e. British Museum; University Library, Cambridge 
Radcliffe Science Library, Oxford; National Library of Scotland, Edinburgh; 
National Library of Wales, Aberystwyth) and in the Patent Office Library 
Reports marked* may be purchased from Her Majesty's Stationery Office. 


Reports are also available in the United States, from the USAEC depository 
libraries, a list of which will be found in NUCLEAR SCIENCE ABSTRACTS. 
Reports for sale may be purchased in the United States from: Sales Section, 
British Information Services, 30 Rockefeller Plaza, New York 20, N 


AERE Harwell 


The effect of holes in a reacting material on the passage of 
neutrons, with special reference to the critical dimensions of a 
reactor. D. J. Behrens. (Sept 1947. 11 pp) AERE T/R 103 


2s 6d* 


Helium-3 fast neutron spectrometer. Part 1. The proportional 
counter. R. Batchelor, R. Aves. (Oct 1954. 18 pp) AERE N/R 
1499 3s* 


Polarographic theory. Part 1. The influence of non-uniform 
mercury flow and intermittent polarization on the diffusion 
current, G. C. Barker. (Nov 1954. 13 pp) AERE C/R 1553 


2s 6d* 


The fine structure thermal neutron distribution in natural 
uranium-graphite lattices. J. M. Lloyd, J. E. C. Mills. (April 
1956. 18 pp) AERE RP/R 1825 3s 6d* 


Thermal diffusion plant for the enrichment of helium-3 from 
atmospheric helium. Part 2. Performance of the plant. R. W. 
Bowring, R. H. Davies. (March 1958. 40 pp) AERE GP/R 
2058(2) 

Measurements of the near-ground radon concentration on the 


AERE airfield. H. J. Gale, L. H. J. Peaple. (April 1958. 18 pp) 
AERE HP/R 2381 


Instruments for the measurement of pressure and differential 
pressure of high temperature fluids. S$. T. Naish, T. R. Moss. 
(April 1958. 13 pp) AERE R/R 2484 


An FFAG synchrotron with straight sections having acceptable 
betatron oscillations. R. Taylor, M. J. Mitchell. (March 1958. 
35 pp) AERE T/R 2495 Ss 6d* 


OCTOBER DIARY 


ICE Institution of Civil Engineers. IMechE Institution of Mechanical Engineers 
1EE Institution of Electrical Engineers IChemE Institution of Chemical 
Engineers. IP Institute of Physics. PS Physical Society. SCI Society of Chemical 
Industry IM Institute of Metals iMet Institution of Metallurgists, IMM 
Institution of Mining and Metallurgy, IPE Incorporated Plant Engineers. SIT 
Society of Instrument Technology BritiRE British Institution of Radio 
Engineers. RSH Royal Society of Health, IR Institute of Refrigeration 


THURSDAY 2 

GRANGEMOUTH SIT Data loggers H. Williamson 7.00 
at the Leapark Hotel 

MANCHESTER IMechE Paper on zeta 6.45 at Engineers’ 
Club, Albert Square 

GLASGOW IMechE Application of nuclear power to marine 
propulsion J. E. Richards 7.30 Royal College of Science and 
Technology 


FRIDAY 3 
KILMARNOCK IMechE Repeat of above paper 7.30 at the 
Dick Institute 


CHELTENHAM BritIRE Nuclear instrumentation J. Thomas 
7.00 at North Gloucestershire Technical College 


WEDNESDAY 8 
BLACKBURN IMechE Lecture on atomic energy 7.00 at 
North Western Electricity Board's offices, Jubilee Street 
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The effect of pile radiation on the reaction between hydroge 
and graphite. N. S. Corney, R. B. Thomas. (June 1958. 31 pr 
AERE C/R 2502 


Some tests on standard electric motor insulation at high ten 
peratures. S. T. Naish, D. M. Harris. (May 1958. 14 pp) AER 
R/R 2525 


The mechanical properties of uranium-molybdenum alloy 
M. B. Waldron, R. C. Burnett, S. F. Pugh. (1958. 15 py 
AERE M/R 2554 5s* 


Attenuation studies in the LIDo pool. F, Avery, R. A. Dugdal: 
(April 1958. 15 pp) AERE R/R 2558 2s 6d* 


Organic and inorganic urinary excretion values in normal an 
irradiated subjects including observations on the preservatio 
of the urine sample. C. Sanders, P. C. Long, D. H. Pinnock 
(May 1958. 11 pp) AERE MED/R 2586 


The alpha counting of a thick film with a pulse amplitud 
analyser type 1414A. W. P. Hutchinson. (May 1958. 10 pp 
AERE MED/R 2587 Is 9d* 


The diffusion of iodine in air. H. J. de Nordwall, R. H 
Flowers. (May 1958. 12 pp) AERE C/M 342 


DIDO remote active handling facility ‘ feel’ unit. K. J. Williams 
(June 1958. 15 pp) AERE ES/M 27 3s 6d* 


A preliminary study of the production and properties of bery! 
lium sheet. N. A. Hill. (April 1958. 17 pp) AERE M/M 193 


Some experiments on the fused salt processing of liquid meta! 
fuels. J. K. Higgins. (June 1958. 9 pp) AERE M/M 194 


Notes on the toxicology of furfuryl alcohol. F. M. Turner 
(May 1958. 4 pp) AERE MED /M 24 


A variable area flowmeter using radioactive isotope techniques 
P. T. Blacker, D. M. Harris. (June 1958. 8 pp) AERE R/M 159 


The diffusion of magnetic fields in a cylindrical conductor 
J. H, Adlam, R. J. Tayler. (April 1958. 22 pp) AERE T/M 
160 3s 6d* 


Stable configurations of a cylindrical gas discharge. E. Vv 
Laing. (May 1958. 16 pp) AERE T/M 161 3s* 


On the propagation of thermal waves in media with stored 
energy. A. J. E. Foreman. (May 1958. 12 pp) AERE T/M 162 
ls 9d* 


Industrial Group 
Determination of the surface area of calcium fluoride by gas 
adsorption. J. Brown. (1958. 10 pp) IGR TN/C 888 ; 


THURSDAY 9 

LEICESTER IProdE Development of high-speed machining 
techniques for non-ferrous materials S. Radcliffe 7.15 at 
Wadkin Ltd, Green Lane Works 


WEDNESDAY 15 

NEWCASTLE SIT The progress of temperature measurement 
in industry R. Postle 7.00 at King’s College, Stephenson 
Buildings 


THURSDAY 16 

LEICESTER SIT  Semi-conductors and their applications 
G. M. Ettinger 7.00 College of Technology and Commerce, 
The Newarke 

MONDAY 27 

LEEDS IPE Atomic energy R. F. Jackson 7.30 Fuel Depart 
ment Lecture theatre, New Building, Leeds University 
TUESDAY 28 

LIVERPOOL IMechE Application of nuclear power to 
marine propulsion J. E. Richards 6.30 at Liverpool Engineer- 
ing Society’s Rooms, 24 Dale Street 

FRIDAY 31 

GLASGOW SIT _ Control and instrumentation of a nuclear 


reactor A. B. Gillespie 7.15 at Scottish Building Centre, 425 
Sauchiehall Street 
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TUNGSTEN BASE 


Heavy Alloy 


; Supplied in densities from 16-7 to 18-0 g/cc. 
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An orbital teletherapy 
unit using G.E.C. Heavy 
Alloy. 

With acknowledgements 
to Atomic Energy of 
Canada Ltd. 


ig 
al 


nt A 6” G.E.C. Heavy Alloy 
yn Sphere weighing 65 Ibs. 
being placed in an 8” 
lead wall in the Isotope 
Division, Harwell. 


ns 


Informative publication No. 386! on 
application. 
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THE GENERAL ELECTRIC COMPANY LIMITED, Component Sales Dept., Osram 
Metals Division, East Lane, Wembley, Middlesex. 
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NEW IDEAS. 


nucleonic patents 


Self-driving gas circuit 

Considerable saving in pumping power 
in the gas circulation circuit is achieved 
by this suggestion of directly linking a 
gas turbine to the 
corporating it in the coolant circuit. In 
fact, in principle the whole of the heat 
output is passed on to the secondary 
heat exchanger, but in fact there 
be a small temperature drop across the 
turbine. It is particularly applicable to 
gas-cooled, solid homogeneous or gaseous- 


compressor and in- 


will 


fuelled reactors. In the design described, 
primary coolant is helium pressurized to 


———— : 
4 ae — 
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799,212 ALMOST PERPETUAL MOTION 

1 Shield 

2 Pressure vessel 

3 Sealing plate 

4 Reactor 

5 Two-stage, axial-flow gas turbine 

6 Heat exchanger 

7 Twelve-stage, axial-flow gas compressor 


10 atm, inlet and outlet temperatures are 
350 and 750°C and the heat output is 
approximately 30 MW. Turbine inlet and 
outlet pressures are 142-4 and 117°8 psi 
and the cémpressor has a compression 
ratio of 1:2771 with an inlet pressure of 
115-5 psi. 

799,212 Improvements in or relating to 
nuclear reactors United Kingdom Atomic 
Energy Authority (inventors: P. Fortes- 


cue and J. P. Middleton) Appn: Dec 3, 
1955 Pubd: Aug 6, 1958 


Variable reactor load 


Using a cascaded bank of heat ex- 
changers operating at high, medium and 
low pressures a variable load can be 


supplied from a reactor plant. The cool- 





These abstracts are made from British Patent Speci 
the Patent Office (Sales Branch), 25 Southampton St 
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ant passes through them from high to 
low pressure and if the demanded load 
falls below the reactor output, steam is 
discharged through the boilers progress- 
ively and finally from the I.p. side to 
the condenser. If the required load ex- 
ceeds output, steam from an auxiliary 
furnace is brought into the turbine, The 
temperature of the coolant may be con- 
trolled either by bypassing feed water 
past the low pressure economizer or 
varying the pressure in the low pres- 
sure boiler. 

797,725 Improvements relating to power 
plant including a nuclear reactor. Metro- 
politan-Vickers Electrical Co Lid (inven- 
tor: W. Eccles) Appn: Feb 9, 1954 
Pubd: July 9, 1958 


BWR gives superheated steam 
[his is another form of Babcock & Wil- 
cox’s idea for producing superheated 
steam with a breeder reactor by passing 
the steam produced in the core through 
the blanket of fertile material. In their 
no 799,725 (NP June 1958, p 298) the 
reactor is a solution-type; here it is a 
BWR using either light or heavy water, 
fuelled with solid rod-type elements. The 
blanket—U-238 or thorium rods—sur- 
rounding the core is contained in the 
same pressure vessel. Cooling water flows 
upwards through the core, emerging as 
a steam-water mixture, After separation 
in a ring of whirl chamber steam separ- 
ators, the steam passes down through 
the blanket where it is superheated and 
out of the pressure vessel to the point 
of use. Both fissionable and fertile ele- 
ments are constructed so that they can 
be interchangeable to achieve maximum 
burnup and to maintain constant ratio 
of core to blanket heat output. By 
shifting each element at loading a rough 
control of the superheat in the steam is 
possible. 





799,725 Nuclear reactor and method of 
operating same Babcock & Wilcox 
(USA) Appn: Nov 30, 1955 Pubd: Aug 
13, 1958 


Fast reactor control 

At high neutron energies the cross-sec- 
tions of most substances become very low 
so that control of 
neutron absorber is not generally satis- 
factory and it is usually achieved by 
part of the fuel. However 
Metrovick here suggest the use of liquid 
lithium which is a good moderator and 
an efficient absorber of thermal 
trons. (It also has a resonance peak at 
2 to 3 MeV.) With a melting point of 
186°C it would be liquid at the high 
temperatures anticipated in fast reactors. 
It is contained in a closed circuit, the 
control rod itself consisting of two con- 
centric flow and return pipes. Either the 
effective volume or the position of the 


fast reactors by a 


removal of 


neu- 





fications with the permission of the Controller of Her Majesty’s Stationery Office. Complete specifications can be obtained from 
reet, London, W.C.2. 3/6 a copy (including postage, inland and abroad) 


liquid may be varied to give the require 
control—in the form illustrated, th 
‘rod’ is attached to the fixed pipes b 
expandable tubing. The liquid circulate 
through a heat exchanger, a small by 
Pass permits continuous removal of by 
products and any necessary replacemer 
of lithium, and heating coils are provi 
ded to keep the lithium liquid durin 
shut-down. 

799,001 Improvements relating to nuclea 
reactors Metropolitan-Vickers Electrica 
Co Ltd (inventor: A. W. Aiken) Appn 
Feb 17, 1956 Pubd: July 30, 1958 
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799,001 LIQUID LITHIUM CONTROL ROD 
1 Core 4 By-pass 
2 Control rod 5 Heat exchanger 
3 Pump 6 Heating coils 
J 
In brief 


An unusual specification is 795,596 on 
fusion, taken out in Belgium by a Rus 
sian, Theodore Volochine, living in 
France. He claims to have achieved 
greater probability of fusion between 
nucleons and between nucleons and 
nuclei by applying polarizing magnetic 
fields to the reagent parts in such a way 
that the relation of their magnetic mo- 
ments helps towards fusion. He also 
suggests a simple apparatus for achiev- 
ing this. 


A process for the preparation of car- 
bonaceous material suitable for moder- 
ator or reflector is described in two 
patents by the Dutch firm N.V. de 
Bataafsche Petroleum Maatschappij 
798,030 describes the preparation of 
deuterated polycyclic hydrocarbons by 
the so-called ‘ trickle technique’ employ- 
ing catalytic exchange. The carboniza- 
tion of this is then dealt with in 798,029 
A control system using variation of 
moderator level only is described in 
792,972 by Atomic Energy of Canada 
Applied for in 1956, it is probably the 
system used in the new NpD-l design 


Applied for ten years ago, 799,771 des- 
cribes a method of canning uranium in 
compacted metal powder—preferably 
beryllium, zirconium or a_ beryllium- 
aluminium mixture—both powder and 
fuel being at a temperature above the 
beta-gamma transition point of uranium 
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Precision 
Engineering 
for 

Nuclear 
Power 


Plants 








n Recognised for many years as one of 
. Britain’s leading precision engineering 
in ° ° ° ° 
d organisations, particularly for marine and 
n aeronautical instrumentation and control, 
id Sperry Gyroscope Company Limited is now 
os offering its experience and extensive 
Ly ara ie 
he engineering and manufacturing facilities to 
0 designers and manufacturers of nuclear 
a power plants. A qualified engineering team 
has been established to specialise in reactor A complete reactor control head mechanism 
: : designed by Sperry, with a number of 
r- control equipment and instrumentation. ae 
‘ special features to ensure safety, reliability 
= and ease of operation and maintenance. 
de 
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n 
GYROSCOPE COMPANY LIMITED 

in 
ly A Sperry servo-driven 
oa control rod position indicator, 
c 
“A developed for the U.K.A.E.A. 
n 
oon 
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Sole Agents for BECKMAN-BERKLEY Division | 
Beckman Helipots 
i 
Universal Eput Meters and Timers, Frequency Meters, 
Time Interval Meters, Analogue Computers, 
Data Reduction, Digital Readout, Transducers, Ferristors. 
Some typical examples of Helical Potentiometers : 
SERIES A AJ AN B ( I 5300 470 
Number of turns 10 10 10 15 3 1 1 1 
Diameter, inches 1-13/16 7/8 1-13/16 3-5 / 16 1-13/15 7i8 1-1/4 3 
Length of case, inches 2 1-1/2 1-63 /64 2-13/16 1-9, 64 25 / 32 19/32 ] 
Shaft diameter, inches (nominal) 1/4 18 1/4 1/4 1/4 1/8 1/4 1/4 
Coil length, inches (approx.) 46 18 45 140 14 19 31 8-2 
+4° +10 4 4 
Mechanical rotation 3,600 4) 3,600 * 3,600 ) 5,400°—0 1,080 0 360° cont. 360° cont 360° cont. 
+4 +10 | +4° +4 
Electrical rotation 3,600°—0 3,600 0 3,600 0 5,400 4) 1.080 0 354° -+-2° 352 2 358° +1 
Resistance range, ohms 25 to 450K 25 to 100K 50 to 400K 40 to 1 meg § to 130K 1K to 100K 25 to 49K 50 tol63K 
Best pract. resist. tol. (a) +1 +-2°5% +1 +1 1% +-29 +-1% -1% 
Best pract, linearity tol, (b) + 0-05 +-0-05% + 0-025 % +0-01' +-0°1% +-0°2% +-0:25% +-0-1% 
1K & up 10K to SUK SK & up 10K & up 5K & up 2K & up SK & up 
Max. noise millivolts (c) 250 250 400 250 250 100 100 100 
2K & up 1K & up SK & up 500 & up 
Watts, at 25°C ambient (d) 69 2°8 69 13-8 4:1 1-5 2:8 69 
Watts, at 40°C ambient 5 2 5 0 3 1:2 2 5 
Weight, oz. (approx.) 4:4 1 4-5 13 2°5 0-6 2 59 
Max, starting torque, oz. in, 2 0-7 13 2:7 1-8 0-05 0-7 1-3 
Max. running torque, oz. in. 1:5 06 09 2 13 OWS 0-5 0-5 
Moment of inertia, gm. cm.? 18 0-3 22 200 7 0-12 S 6 
Max, taps 28 32 28 80/e) 4 a) y 33 
Min. distance between taps 20° +1 4§°+2 20° +1,2 15 i 20° +1 30° -+-1° 30° +1 10° +1 
Max. ganged sections 3 consult factory 2 3 3 5 no ganging 8 
Life expectancy, shaft revs 2,000,000 2,000,000 2,000,000 2,000,099 2,000,050 2,000,400 2,000,000 2,000,000 
HELIDELS - DUODIALS - DIGIDIALS 
Winston Electronics also manufacture Voltmeters, 
Oscillators, Telecommunications, Test Gear. 
Sub-Contract Facilities. 
A.|.D. and A.R.B. Approved. 
Govett Avenue, Shepperton, Middlesex 
Telephone: Walton-on-Thames 6321 
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& 53.C. Nuclear Research and Development 


The thermal efficiency of a gas-cooled 
nuclear power station is largely de- 
pendent on the maximum temperature 
attained by the coolant gas. This tem- 
perature is limited by the properties 
of the various constructional materials. 
The metals at present in general use 
for the fuel-can, magnesium alloys, are 
restricted to around 450 C. 

Current information suggests that a 
beryllium fuel-can might be operated 
at about 600 C. This would permit out- 
let gas temperatures to be raised by at 
least 100 C. above present levels. 

Beryllium has a very low neutron- 
absorption cross-section; its resistance 
to oxidation is good in both wet and 
dry carbon dioxide; its melting point 
(1280 C) is much higher than that of 


BERYLLIUM 


other metals currently used for fuel- 
cans and its high-temperature strength 
is excellent. A great deal of work must 
be done, however, to define the limiting 
conditions under which a beryllium- 
canned fuel element could be used. 
This work is complicated by the fact 
that beryllium is a toxic metal, and it is 
therefore necessary to adopt the most 
stringent precautions in all operations 
involving its use. 

There is a new laboratory at the Erith 
headquarters of the G.E.C. Atomic 













Energy Division entirely devoted to 
research on the metallurgy and tech- 
nology of beryllium metal. Its con- 
struction, layout, equipment and, above 
all, its elaborate ventilation system have 
been carefully planned so that these 
important investigations can be carried 
out in complete safety. 

The work of this new laboratory is 
but a small part of the research and 
development directed by the G.E.C. 
towards the attainment of even cheaper 
power from nuclear sources. 


Atomic Energy Division 


THE GENERAL ELECTRIC COMPANY LIMITED - MAGNET HOUSE - KINGSWAY - LONDON - W.C.2 


AlS4 
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Suppliers of Five Extinguishers The Pyrene Company Limited 
fai 






facing new fire problems 
in the sphere of 


nuclear power 


The Pyrene Company, with its unrivalled 
facilities for research, keeps ahead of changing 
industrial techniques, and is constantly developing 


the means to overcome the new fire risks they involve. 








As makers of the world’s most comprehensive range 


€ 
of fire-fighting equipment, The Pyrene Company can Syeees FIRE 
give you invaluable and impartial advice on any fire achmanane 
; e, ° tect 
protection problem— it is yours for the asking. ana 
° P . ALDERMASTON 
Weare proud to have given advice on fire protection— sine: ne. 
and supplied major fire-fighting equipment—for most CAPENHURST 
British atomic centres already constructed. Consult ee ee 
' ; HARWELL * SPRINGFIELD 
Pyrene Fire Engineers and ensure maximum fire WINDSCALE 


protection for valuable plant and human lives too. 











FIRE FIGHTING 
EQUIPMENT 





THE PYRENE COMPANY LIMITED 


(Dept. NP 10) 9 GROSVENOR GARDENS * LONDON S.W.1 Tel: VICtoria 3401 
Head Office & Works: GREAT WEST ROAD « BRENTFORD . MIDDX 


Canadian Plant: TORONTO 


Tick No 77 on reply card for further details NUCLEAR POWER October 1958 








"XK Ei EX 

IMOLLAHR'T 
ENGINE ERIN G 
co U1 pD 


designs and manufactures 
Special-purpose machine tools 
and equipment 


Fine Boring Machines 

Turning Machines 

Drilling Machines 

Automatic Loading and 
Unloading Internal Grinders 

Simulators 

Fine Turning Machines 

Turbine Blade Machines 

Flow Turning Machines 





MOLLART also manufacture 


High Precision Equipment of all Types, including 
Gauges, Tools and Fixtures. 


High-Frequency Grinding Spindles up to 90,000 r.p.m. 
Special Hydraulic Equipment 


Precision Assemblies 


c 
Manufacturers 

of the @ universal ball joint 
| for all angular drives 





Air Ministry Gauge Test House approved under authority 89755/31 


MOLLART ENGINEERING COMPANY LIMITED 


KINGSTON-BY-PASS SURBITON SURREY TELEPHONE ELMBRIDGE 0033-7 TELEGRAMS PRECISION SURBITON 


P.2130 
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This is one of the magnetic memory 
drums used in G.A.M.E, the Sunvic data 
handling computer for analysing 
information from scintillation counters 
used to detect reactor fuel 

cartridge leaks. 

The drum can memorise the previous 
48 counts from each of 400-600 

channel groups so that the previous 
24-hours readings are always 

available. It also stores individual 
channel group reference levels 

and differential limits; each reading 
can thus be assessed arithmetically 

and warning given of significant 
variations in gas activity. The 


computer has completely self-checking 





circuitry with built-in fault 


finding equipment. 


The covers of the memory drum have been removed and 
one bank of recording heads withdrawn. It revolves at 
approximately 150 r.p.m. and has a capacity of roughly 
500,000 binary digits. 


* Gas Activity Monitoring Equipment—a patented 
system developed by Sunvic Controls, which is being 
supplied for C.E.G.B. use at Berkeley nuclear power 
station. For further information, please contact: 


SUNVIC CONTROLS LTD 
P.O. BOX 1 ‘ HARLOW ° ESSEX * Telephone: HARLOW 25271 


Not only instucments but complete insturcmentation 


for integrated monitoring, control and data handling of nuclear reactors and industrial processes. 





An A.E.1. Company 





sci7s 
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Steel for the Atomic Age 
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Power for industry and commerce epitomises 
Wright Anderson. In the provision of steel buildings for 
every industry they have the resources and 

experience to ensure the most efficient contracting 

from planning to completion. 

If you are thinking ahead now is the time 

to call in Wright Anderson whose 

assistance can be a powerful factor in 

matters of time and economy. 


WRIGHT ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS AND BRIDGE BUILDERS 
G.P.O. BOX 2, GATESHEAD 8, CO. DURHAM 


RELIABILITY Tel. Gateshead 72246 (3 lines). Grams: **CONSTRUCT Gateshead ”’ 
London Office: Regent House, Kingsway, W.C.2. Tel. HOLborn 9811 





CONTRACTORS TO H.M. GOVERNMENT, CENTRAL ELECTRICITY AUTHORITY, NATIONAL COAL BOARD, ATOMIC ENERGY AUTHORITY 
AND CROWN AGENTS FOR OVERSEAS GOVERNMENTS AND ADMINISTRATIONS 
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A new service 
for r 
industry — 











F.G. Miles Ltd. have now joined with Hivolt Ltd. toformanew 
company specialising in nuclear and electronicaidsto industry. 
The new company, Miles Hivolt Ltd, is already supplying 
instruments and equipment of new design and using advanced 
techniques. Later this year this company will be introducing 
equipment of a kind not previously available to industry 
anywhere in the world. 


~~ Se) ‘den 7“ 
miles hivolt itd. 


MILES HIVOLT LIMITED, 93 PRINCEDALE ROAD, W.11. 











Telephone: PARK 5073 
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LET 25 YEARS EXPERIENCE 
SOLVE YOUR MEDIUM 
PRECISION ENGINEERING 


PROBLEMS 


Two of three jig borers. Capacity 28 ins. x 28 ins. 





Precision ENGINEERING 
vw PQWER 


Nuctear Enerey 


CONTRACTS 
COMPLETED FOR— © 








NGTE PYESTOCK 
AERE HARWELL 
AWRE ALDERMASTON 





Planing machines capacity 16 ft. x 5 ft. x 5 ft., 
10 ft. x 2 ft. Bins. x 2 ft. 4 ins. 
All work undertaken in a spacious modern 
factory where a large expansion programme 


is in progress. 


In parallel surface tables 24 ft. x 5 ft. 


DESIGN OFFICES FOR SPECIAL PURPOSE 
MACHINES, ETC. 


AID & ARB APPROVED. 


ALL WORK CHECKED BY MICRO-ALIGNMENT || Phone: Cosham 76832-3 : 
TELESCOPES AND ACCESSORIES. uum ee ; es Ucar 
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DIESEL-ELECTRIC 


MOBILE 
CRANES 


In addition to the MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 


The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for Section 46A to F/35. 


HERBERT MORRIS LTD P.O. BOX 7 - LOUGHBOROUGH - ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 
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WHAT CAN NUCLEAR SYSTEMS OFFER YOU? 


e We develop, manufacture and sell gamma radiography equipment. 

e We store, fabricate and sell radioisotopes for irradiation in the development of new 
products and processes and for cancer therapy machines. 

e We design and market self-contained radiation facilities for use in any existing laboratory 


e We design and manufacture gamma thickness gages. 





Nuclear Systems offers the most complete line of gamma radiography equipment available 


aad anywhere. It is used throughout the metal working industry for high speed, low cost, non- 





destructive detection of flaws in castings, metal structures and weldments both in factory and 
in the field. Nuclear Systems radiography equipment has many time and money saving advan- 
tages not found in conventional X-ray equipment 

The newest development of Nuclear Systems is the ““Gammascan,” a non-contacting con- 
tinuous measurement machine that uses Cobalt 60 to check the thickness of hot and cold sheet 
metal strips, metal pipes and thick sections of other materials. 

Nuclear Systems’ engineers are available for consultation on any products or processes in- 
volving radiography or radiation. Information is available on any part of a system or a complete 
package designed to your specific needs. Address inquiries to main office in the U. S. A. at 


address listed below. 


A DIVISION OF THE BUDD COMPANY. Philadelphia 32 


NUCLEAR ev Site Pahl 
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equipment 
for nuclear engineering 








A78 


For conveying gases and corrosive fluids at extremes of 
high and low temperature. Available up to 4 in. diameter. 


1 
1 
t 
! 
I 
i 
I 
Stainless Stee! FLEXIBLE PIPE ASSEMBLIES 
! 
! 
' 
' 


BELLOWS and BELLOWS ASSEMBLIES 
For use in gas and fluid ducting 
systems for control of expansion 
or contraction, and to allow for 
misalignment and duct movement. 
Other applications include shaft 
seals and glands. Available in 
stainless steel and other metals. 


High Pressure 

SWIVEL PIPE COUPLINGS 
and Flexible Tubes for hydraulic 
circuits operating at pressures 
up to 4000 p.s.i. 


ELECTRICAL CONDUIT 
and Wiring Assemblies and Support Clips. 


TECHNICAL DATA IS AVAILABLE ON REQUEST 
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New industries draw on the experience of older indus- 
tries—and Nuclear Engineering is no exception. 

At AVICA we find our specialized knowledge of flexible 
pipe and coupling design as applicable to the Nuclear 
field as it has been for so long to older branches of 
engineering. For reliability and accuracy with AVICA 
have always been regarded as prime qualities. 

As a result, AVICA equipment is available for use in 
Nuclear Engineering with the same high standards of 
design and quality which apply in aircraft, marine and 
other specialized branches of industry. As in every 
other field of engineering, the maxim is consult AVICA 
if you have a flexible pipe assembly problem. 

AVICA PRODUCTS are used by the U.K.A.E.A. and 
throughout the Nuclear Engineering field. 


AVICA EQUIPMENT LIMITED 


Mark Road, Hemel Hempstead, Herts.Tel : BOXmoor 4711 (6 lines) 
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© * t h e To nuclear power generation Simon-Carves bring immense 


experience of major plant construction and civil engineering 
for the fuel, electricity and heavy chemical industries, 


including the building of orthodox steam power stations 


for more than thirty years, 
od mi In the building of nuclear power stations 
Simon-Carves assume responsibility for all civil engineering 
and reinforced concrete design and construction, including nuclear reactor structures 
and biological shielding, and for complete heat-exchange 
steam-generating plant and water treatment systems. 
Simon-Carves are conducting continuous research, both in their own laboratories at Cheadle Heath 
and jointly with The General Electric Company at Erith, 
on the improvement of steam conditions resulting from improved reactor outputs, 
on the use of pre-stressed concrete in reactor structures and elsewhere, 
and on the safe disposal of radio-active waste. 
This work is playing an important part in the development 


of future advanced designs and in the reduction of cost per kilowatt. 


Simon-Carves Ltd 


NUCLEAR POWER DIVISION / Cheadle Heath, Stockport 





IN ASSOCIATION WITH THE GENERAL ELECTRIC CO. LTD 
THE MOTHERWELL BRIDGE & ENGINEERING CO. LTD * JOHN MOWLEM & CO. LTD 





Sci 77 A)/Ps 
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for remote-controlled machines 


We are in the unique position through our long 
experience as designers and builders of special 
purpose machinery and precision machine tools, to 
offer practical equipment for the machining and 
handling of radio-active materials. 

One of the many special projects carried out by us 
is the remotely controlled lathe (illustrated below) 
for the machining of tensile test specimens from 
irradiated uranium for Dounreay fast breeder 
reactor. Equipment for the nuclear field can’ 
only be entrusted to people who know the 
problems ! Visit us in Portsmouth where selected 
films and a most interesting range of activities 


can be shown. 





, J. EVANS & SON (rortsmouts) LTD. 


MARCYN WORKS, GOLDSMITH AVENUE, 
PORTSMOUTH, ENGLAND. Tel. 32233. 
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low pressure 


butterfly 
valves 





e DROPTIGHT © COMPACT 
e LOW COST 
¢ NON-JAMMING 


e SEALING BY 
AUTOMATIC INFLATION 


The reliability of this patentéd method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 
heads up to 500 ft the original seals were still 


intact. 


Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


STAINLESS Around the periphery of the valve blade is the expanding seal. 
YY a eee With the valve closed the inside of the seal is subject to pipe-line 
V/s pressure. This pressure balances external pressure and prevents 


U/ 
Wee 
NINES seal from collapsing away from the seating. 






PIPELINE 
PRESSURE 
TO SEAL 






& COMPANY LIMITED 


WATER POWER ENGINEERS 
56 KINGSWAY LONDON W.C.2 





P1554 
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Standard chevron-type corner 

top lead shielding brick as 

supplied to the United Kingdom rf 
Atomic Energy Authority. 









Where lead is vital for shielding against radiation 


the people to consult are— 


ASSOCIATED LEAD 





MANUFACTURERS LIMITED . 


Clements House, 14 Gresham Street, E.C.2. 
Crescent House, Newcastle. 
Lead Works Lane, Chester. 


Export Enquiries to : ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2 
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Efficient dust-collection and suppression presents many problems, particularly in the 
lower micron range. Now, extensive Cyclone research by Vokes’ engineers has effected 
a radical reduction in vortex instability and bounce. The Vokes Cyclone with the 
IS 0 Af Ors ‘pencil stabiliser’ (patents pending) shows outstanding improvements over conven- 
tional types. We invite your dust collection and suppression enquiries. 


PERFORMANCE CURVES OF VOKES MULTIPLE CYCLON NITS 

















100 100 
90 
AIR FLOW/RESISTANCE b 
CURVE 80 wi BO “ 
oa Ww 
© 7 3 
~ wi ° g 
6) 60 = 60 < 
é wi 50 
: g 
we 40 = 40 
w 
Oo} 30 
EFFICIENCY/AIR FLOW 4 
20 CURVES FOR VARIOUS al 20 PARTICLE SIZE 
DUSTS ANALYSIS OF TEST 
10 DUSTS 
© 20 40 60 80 100 120 140 160 ° 20 40 60 80 O 20 40 60 80 100 120 140 160 
AIR VOLUME C.F.M. AIR FLOW -C.F.M. PARTICLE SIZE -MICRONS 





PIONEERS OF SCIENTIFIC FILTRATION 





VOKES LIMITED + GUILDFORD + SURREY © Tel: Guildford 62861 (6 lines) 
Telegrams and Cables: Vokesacess, Guildford, Telex + Telex: 13-535 Vokesacess, Gfd. 
Vokes Australia, Pty. Ltd., Sydney Represented throughout the world 


VOKES—Air and Gas Filters for Chemical, Nuclear Energy, Oil Refinery, and Pharmaceutical applications etc; Air conditioning filters; Compressed air pipe line filters; 
Air, Oil, and Fuel filters for Diesel, Gas Turbine, and other i/c engines; Hydraulic filters; Silencers for Engines, Fans and Blowers; High efficiency Multi Cyclones. 
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HARLAND 


CENTRIFUGAL PUMPS 

ELECTRIC MOTORS & GENERATORS 
COMPLETE HYDRO-ELECTRIC PLANT 
HYDRAULIC DESCALING SYSTEMS 


ROTOVALVES 


a power 


for progress 


In the minds of responsible engineers 

throughout the world 

Harland is a name which means thoroughly sound 
and reliable workmanship 

and impeccable design ... a name, 

indeed, which symbolises 

power for progressive development. 


THE HARLAND ENGINEERING CO LTD ALLOA SCOTLAND 
LONDON AND EXPORT SALES OFFICES: HARLAND HOUSE 20 PARK STREET WI 


_ Branches in BRISTOL - GLASGOW ° LEEDS - NEWCASTLE - NOTTINGHAM - TIMPERLEY (Cheshire) WOLVERHAMPTON & OVERSEAS 3 
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Nuclear Power 
tli he eal tie. 
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free enquiry service for 





TECHNICAL LITERATURE 


To help you keep right up to date in design, planning or actual buying, 
NUCLEAR POWER has compiled this list of advertised products and services 
under broad group headings. Study the advertisements and then simply tick 
the items about which you would like further details. Then post this form 
back to us and we will take immediate action to see you receive the 
information you want. 


Bearings 
a Mfg Co Ltd, The 
Pollard Bearings Ltd 


Cables 
Pyrotenax Ltd 


Carbon, graphite (and machinery) 
Acheson Colloids Ltd 
British Acheson Electrodes Ltd 
Morgan Crucible Co Ltd, The 
Nobrac Carbon Ltd 
Nuclear Materials & Equipment Corp 
Powell Duffryn Carbon Products Ltd 


Chemicals and plastics 
Grace & Co, W. R. 
Imperial Chemical Industries Ltd 
Lindsay Chemical Division 
Nash & Thompson Ltd 
Nuclear Enterprises (GB) Ltd 
Shell Chemical Co Ltd 


Construction, design and allied services 
Dickens Ltd, Stuart 
Rawiplug Co Ltd, The 
Screw Machine Products Ltd 
Taylor, Taylor & Hobson Ltd 
Wright Anderson & Co Ltd 


Corrosion prevention 
Acalor (1948) 


Electric motors and gear units 
Electrical Power Engineering Co 
(Birmingham) Ltd A98 


Electrical generating and subsidiary equipment 
Harland Engineering Co Ltd A84 
Simon-Carves Ltd A79 
Tudor Accumulator Co Ltd A20 
Vokes Genspring Ltd Al24 
Whipp & Bourne Ltd Al0l 


Fans, ventilation and air conditioning equipment 
) Keith Blackman Ltd A89 
Morris Ltd, B. O 
Ozonair Engineering Co Ltd 
Standard & Pochin Bros Ltd, The 


Filters 
Air Control Installations Ltd 
Endecotts (Filters) Ltd 
Heather Filters Ltd 
Pascall Engineering Co Ltd 
Vokes Ltd 


Fire prevention 
Pyrene Co Ltd, The 


Gas treatment, 
storage 

Boving & Co Ltd A8! 
Crosby Valve & Engineering Co Ltd, The A52 
Distillers Co Ltd, The AS 
Erhard, Johannes A42 
Evans & Sons (Wolverhampton) Ltd, J. A98 
Imperial Chemical Industries Ltd A39 
Lloyd & Ross Ltd 

Pulsometer Engineering Co Ltd 


supply movement, contro! and 


A100 
All0 


we plant and equipment 
Barlow-Whitney Ltd A86 
Electrothermal Engineering Co A108 
Metalectric Furnaces Ltd All0 
| Morgan Crucible Co Ltd, The A27 
L] Superheater Co Ltd, The A43 


Industrial flims, books, 
Blackwell's 
Butterworths 519 
ontro! 22-A123 
Heffers of Cambridge 519 
Imhof Ltd, Alfred Al4 
Irwin Technical Ltd Al08 


models and exhibitions 
519 


Scientific Publications 
Al 


please send me further information on 


NAME 


ADDRESS 





the above 


Murex Ltd A97 
Nuclear Power Year Book All7 
Nuclear Reactor Physics Ai20 
Physical Society, The 518 
Turners Film Productions Al21 


instrumentation and instrumentation components 
Air Trainers Link Ltd A95 

| Avo Ltd 

{} Bailey Meters & Controls Ltd 

{] British Rototherm Co Ltd 

[ Bryan Savage Ltd, W. 

_} Burgess Products Ltd 

} Cambridge Instrument Co Ltd 

‘| Davison & Co (Hexham) Ltd 

[] Dynatron Radio Ltd 

) Ekco Electronics Ltd 

[}) E.M.1, Electronics Ltd 

} Fielden Electronics Ltd 

L) Inglis Knibb & Co 

[] K.D.G, Instruments Ltd 

Londex Ltd 

Lyons Ltd, Claude 

Miles Hivolt Ltd 

Research & Control Instruments Ltd 

Rotameter Mfg Co Ltd 

] Sangamo Weston Ltd 

[] Screw Machine Products Ltd 

[} Simmonds Ltd, E. 

Sunvic Controls Ltd 

Taylor, Taylor & Hobson Ltd 

Terminal Radio Internationa! Ltd 

Twentieth Century Electronics Ltd 

C}) West Instruments Ltd 

[] Westool Ltd 

[} Winston Electronics Ltd 


Insulation 
] Cape Asbestos Co Ltd 
Chemical & Insulating Co Ltd, The 
Micanite & Insulators Co Ltd, The 
Newalls Insulation Co Ltd 
Thermal Syndicate Ltd, The 


Liquid treatment, 

] Boving & Co Ltd 
Crosby Valve & Engineering Co Ltd, The A52 

[ Darham Industries (London) Ltd A104 

[) Erhard, Johannes A42 

_] Evans & Sons (Wolverhampton) Ltd, J. A98 
Harland Engineering Co Ltd A84 





nent control and storage 
A8! 


Lubrication 


(1 Shell Mex & BP Ltd 

Mechanical handling 
Morris Ltd, Herbert A76 
Paterson Hughes Engineering Co Ltd A34 
Wharton Crane & Hoist Co Ltd, The A4l 


A56, A5S7 


Metals, fabrication, machining, machinery, 
products etc 

Aero Precisions Ltd A75 

Allen & Sons (Tipton) Ltd, W. G. All2 

ores Whitworth Aircraft Ltd, 

Sir W. G. Alll 

Atkinson Ltd, D. & 

Barker & Sons (En eee Ltd, John 

Braby & Co Ltd, Frederick 

Burnley Aircraft Products Ltd 

Cashmore Ltd, John 

Clay Cross (Iron & Foundries) Ltd 

Cox & Danks Ltd 

Engelhard Industries Ltd 

Firth & John Brown Ltd 

Firth-Vickers Stainless Steels Ltd 

Gardiner, Sons & Co Ltd 

— Electric Co Ltd (Osram Metals 

iv 

Grazebrook Ltd, M. 

Harvey & Co Rickert Ve. G. A. 

Ide Engineering Ltd, C. F, 

Imperial Chemical Industries Ltd 
items which I have ticked/or 


POSITION 








on 


International Meehanite Metal Co Ltd Cover 3 
Kennedy & Co Ltd, Allan A32 
London & Scandinavian Metallurgical Co 

Ltd 
Mollart Engineering Co Ltd 
Morgan Crucible Co Ltd, The 
Mountford & Co Ltd, John 
Mountford (Birmingham) Ltd, Fredk 
Osborn & Co Ltd, Samuel 
Rubery Owen & Co Ltd 
Screw Machine Products Ltd 
Sealey Engineering Co Ltd A109 
Sheepbridge Alloy Castings Ltd All2 
Smith & _ (Clerkenwell) Ltd, J. A94 
Southborough Group Al21 
Stainless Steel Profile Cutters Ltd A128 
Universal Pattern & Precision Engineering 
Co Ltd A 
Wiggin & Co Ltd, Henry 
} Wilmot Breeden Ltd 
{} Yarrow & Co Ltd 


Office equipment 
(] Edison Ltd, Thomas A. 


{}] Photostat Ltd 


Power station equipment 

[] Firth & John Brown Ltd 

C) Fraser & Fraser Ltd 

()} Head Wrightson Processes Ltd 
[] Tudor Accumulator Co Ltd, The 
(} Williams & James (Engineers) Ltd 


Radiographic equipment 

[] Ilford Ltd A35 
[) Kodak Ltd All 
(} Nuclear Systems (Budd Co) A77 


Reactor construction 
A.C.F. Industries Inc A45 
AEl-John Thompson Nuclear Energy 
Co Ltd Cover | 
American Machine & Foundry Co 
Atomics International A26, A102 
English Electric—Babcox & Wilcox— 
Taylor Woodrow Group A48 
Interatom A103 
Nuclear Power Plant Co Ltd, The Cover 2 


Reactor equipment 
Brookhirst Switchgear Ltd A24 
Brown & Co Ltd, John (Nuclear Div) A62 
C.W.C. Equipment Ltd 509 
Dowty Nucleonics Ltd A4 
Engelhard Industries Ltd A61 
General Electric Co (Atomic Energy Div) - 
Hadfields Ltd Al2 
John Thompson Ltd 
Moore Ltd, W. & E, 
Plessey Nucleonics Ltd 
Serck Radiators Ltd, Serck Tubes Ltd 
Sperry Gyroscope Co Ltd 
Techniques Nucléaires 


Remote handling 

[] Evans & Son (Portsmouth) Ltd, 
Pye Instrument Group 

Savage & Parsons Ltd 

[] Western Detail Mfrs Ltd 


Shielding 

[] Associated Lead Mfrs Ltd 

() Grey & Marten Ltd 

{] Pilkington Bros Ltd 

Tools 

[] Abingdon King Dick Ltd 

Tubes, pipes, couplings, seals, etc 

C1) Avica Equipment Ltd 
British Ermeto Corp Ltd AlIS 
Kirk & Co (Tubes) Ltd All3 
Stewarts & Lloyds Ltd A49 
Teddington Aircraft Controls Ltd Als 


Welding and welding equipment 
C) Burnley Aircraft Products Ltd Al0 


A100 
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the following editorial pages 508-511 








Tuck im this end 


This service is designed to give you 
advice or fuller information on any 
subject, or service mentioned in this 
issue—whether in the editorial text 


or in an advertisement—free of 


charge 


Fold Here 


i TU leot (-+- 0 am le) 1-1 @ 


FREE ENQUIRY SERVICE 
and 


SUBSCRIPTION SERVICE 


, 





Postage 

will be 

paid by 
Nuclear Power 








No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 








| Business Reply Folder Licence WD 1823 | 





Nuclear Power, 
3 Percy Street, 
London, W1 


England 





Fold Here 
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Do you see 
NUCLEAR POWER 


regularly ? 


Through your not seeing even one monthly 
issue you may have missed something really 
important in the constantly changing nuclear 
picture 

You can be sure of receiving Nuclear Power 
regularly every month by simply completing 


this coupon 


Please enter me as a subscriber to Nuclear Power for 
one year : 

United Kingdom 42.2.0 +10s postage 
Other Countries 3.3.6 

USA and Canada $8.00 +50c postage 


starting with the 


OD and invoice me later 


DO subscription enclosed 





really 


clear 
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sleting 
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THERMAL INSULATION BY | Newalis 


Newalls have carried out the 
thermal insulation contracts 
on many of the British Power 


Stations built since the war. 


CHAPELCROSS > 


As a result of this specialised 
experience, Newalls have been 
successful in obtaining very 

large thermal insulation contracts 
at Chapelcross, now being 
constructed under Britain’s 
Atomic Energy Development Plan. 


away 


355° 


i 


¥ 


\ 
MALE TLE ] 


1) elo 





NEWALLS INSULATION GO. LTD. wasuincTon - co. DURHAM 


A member of the TURNER & NEWALL ORGANISATION 


Offices and Depots at: LONDON . GLASGOW . MANCHESTER . NEWCASTLE UPON TYNE 
BIRMINGHAM . BELFAST . BRISTOL & CARDIFF. Agents and Vendors in most markets abroad 
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‘B-W’ INDUSTRIAL 
HEATING EQUIPMENT 


for the 
CHEMICAL & NUCJLEAR ENGINEER 










Illustration shows a special Gas Flow Heater to 
raise 100 lb/minute to 250°C. at 180 Ib/sq. in. 


Barlow—Whitney manufacture Industrial Ovens, Furnaces, 

Humidity Testing Cabinets, Metal Pots and Vacuum Impreg- 

nating Plant in addition to a large quantity of special Heating 
Plant and Equipment. 


WRITE FOR FURTHER DETAILS QUOTING. REFERENCE I6 P. 


BARLOW-—WHITNEY{LTD., 2 DORSET SQUARE, LONDON, N.W.I. Tel.: AMBassador 5485-6 Works: London & Bletchley 





oa) 











Your drawings and plans are irreplaceable; 

a fire could destroy them completely. But not if 
they’d been copied on film by a ‘Statfile’ Recorder ! 
The ‘Statfile’ Recorder Model 70mm speedily 
records plans, documents and drawings up 

to 40 = 60 in. on to negatives 2? « 4 in. 18,000 
such film negatives can be stored in only 6 cubic ft 
of storage space. Enlargements up to 40 = 60 in. 
have clear definition from corner to corner. 
Master-copies for dye-line or blue-printing can 

be made with the same equipment. 

Write now to Photostat Limited for further details. 


no fire risk to your 


‘Statfile’ Recorder 


an i drawings... 


if they’re copied by the 


Statfile 


Recorder Model 70mm 
Photostat Limited, 
1-4 Beech Street, 
London, E.C.1. 
Telephone: Metropolitan 0311-2-3-4 














‘Statfile’ is a registered trade-mark 
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Rotor Shafts 


















Nuclear Power 
Plant 


‘STEP ET SUNN 


ALLOY STEELMAKERS * FORGEMASTERS -* STEEL FOUNDERS * HEAVY ENGINEERS 








THOS FIRTH & JOHN BROWN LIMITED ” SHEFFIELD ’ ENGLANC 
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BRITISH MATERIAL ONLY 
One of the largest STAINLESS STEEL STOCKHOLDERS in the country, 
COMPETETIVE PRICES . SEND FOR stro cK cist 


JOHN CASHMORE LTD 


GT. BRIDGE -: TIPTON °- STAFFS. Tel. Tipton 2181/7 


PNEUMATIC WINCHES 





$M/JC.3099 





Safe load 3 tons 
This particular winch — claimed to be the largest with a ‘ ag Lifting speed 50’ per min. 
naa - ; = Air consump. 300 c.f.m. 
lifting capacity of 3 tons — was designed for use at Drum cap. 1000-ft. of 
Berkeley Power Station, but this and the smaller sizes nie ‘4 
vical . tigi S }’diam. Wire Rope. 
have many industrial applications. 


FOR EASE OF CONTROL — LIFT PNEUMATICALLY 
W. & E. MOORE LTD. (Lifting Equipment Specialists) 


13-31 POPLAR HIGH STREET, LONDON, E.14. ° Telephones: EASt 2613-7; 4601-2 
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FANS and BLOWERS 
FOR THIS ATOM AGE 


KEEPING PACE with the demands of successive atomic projects, ‘ Tornado’ 
fan engineering equipment is today assisting the exacting work in UKAEA 
establishments. In addition to equipment at Aldermaston, Capenhurst, 
Dounreay, Foulness, Harwell, Risley, Springfields and Windscale, other 
Keith Blackman fans and blowers are being used experimentally elsewhere. 
The demands of the atomic industry are often unusual but years of 
experience and unrivalled facilities have made Keith Blackman “specialists 


in the unusual.” 


If the problem involves the handling of air or other gases, contact 


Keith Blackman 


Fan makers since 1883 


KEITH BLACKMAN LTD- MILL MEAD ROAD- LONDON - NI7 


or at Manchester - Newcastle - Birmingham - Leeds - Glasgow - Leicester - Bristol 


‘Tornado’ equipment includes: CO COOLANT BLOWERS and HEAT EXCHANGER COOLING FANS. 
FANS FOR VENTILATION, DUST REMOVAL and HIGH TEMPERATURE EXTRACTION - BLOWERS 
FOR GAS BOOSTING, DRY SCRUBBERS and VESSEL VENTILATION. Also AIR SAMPLING 
COMPRESSORS, AIR FLOW CONTROL UNITS, BACK PRESSURE VALVES, STEEL FABRICATIONS 
and the SHOT CLEANING of HEAT EXCHANGERS. 
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coincidence unit 
type 1036c 





The new Dynatron Coincidence Unit 
Type 1036C contains a 3 channel coin- 
cidence circuit which may be used in 
any one of the following arrangements : 


I Channels | and 2 in coincidence. 
If Channels | and 2 in coincidence, the output 
being in coincidence with channel 3. 
III Channels | and 2 in coincidence, the output 
being in anti-coincidence with channel 3. 
IV Channel 3 in coincidence with channels | or 2. 
V Channel 3 in anti-coincidence with channels 
1 or 2. 





The three input channels and the coincidence 
NUCLEONIC & ELECTRONIC DEPT. mixer are sub-units which are removable from 


Dynatron Radio Ltd., Maidenhead, Berkshire the front panel. The complete unit is con- 
eee: Hee eas structed on a 10} inch Post Office rack panel. 





Scalers Pulse Generators - Pulse Analysers Power Units - Probe Units - Pulse Amplifiers Instrument. Racks 










issoimportant 


and only the finest equipment is acceptable 


Continuous - Cleaning Ventex Air Filters 








ensure a constant flow of clean air to 
vital functions of atomic power plant 


equipment. The filter is static and rigid, 


ensuring strength and reliability under all 
conditions of operation. 


There is a Ventex Air Filter for every purpose. 








VENTEX Zr Aidtors 





Send your enquiries for air filters to: 

- . ) (pron ENGINEERING CO. LTD. 
ee eee ie _ ROCHESTER - KENT 
eo CNN ane SRN tee 


Telephone: CHATHAM 4501 1/PBX 
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CLAY CROSS (IRON & FOUNDRIES) LTD. 
Clay Cross - Derbyshire 


Phone: CLAY CROSS 2151 Grams: JACKSON, CLAY CROSS 
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Scintillators in § forms 


Scintillators in five forms are now available from Nash and Thompson Ltd. 


CRYSTALS 


Anthracene, Stilbene, Diphenylacetylene, in discs and cylinders. 


PLASTICS 


N.11 and N.11-X-ray, high sensitivity, high transmission polyvinyl! toluene based. 


: LIQUIDS 
Ready made, sealed in glass containers to your specification, or as scintipaks. 
\ 
SCINTIPAKS 
Accurately mixed dry constituents sealed in polythene envelopes, ready for 
a dissolving in a suitable solvent as required. 


POWDERS 
Scintillation purity chemicals for crystal growing experiments, and the 
manufacture of special scintillators. 


Write or telephone for full information to Nash and Thompson LIMITED 


OAKCROFT ROAD * CHESSINGTON ~* SURREY ENGLAND * ELMBRIDGE 5252 
WHG 'NT.64 


SMALL?... YES! But 
GIANT 
PERFORMANCE 


A.C. Voltage Stabiliser, Type ASR-1150 


This Stabiliser, of the A.C. automatic voltage step- 
regulator pattern, will handle loads up to over 1 kilo- 
watt—and has an output of 5 Amperes at (usually) 
230 volts. As a general rule it weighs only about 
1/10 of the so-common “ choke-condenser’’ types 
offered by many competitive firms. It has no large 
high-rating capacitors—which fail regularly in 
“‘resonated”’ types of Stabilisers, and which are very 
expensive to replace. 

ASR-1150 is insensitive to changes of mains frequency, works equally well from 0°, to 
100”,, load (maximum loading 1150 VA), and has sinusoidal output waveform. The 
degree of Stabilisation it provides is ample for very many purposes. 

Complete details of our entire range of Regulators, of which there are many patterns 
ranging from 200 VA to about 30 kVA (single-phase) are given in our new 32 page 
Automatic Voltage Regulator Catalogue (S-574) which will be sent at once against your 
written request. 


Blande KDOUS BAD, ccscs2222 a 


Telephone : Hoddesdon 3007 -8- Grams: Minmetkem, Hoddesdon 








The ASR-1150 
Weighs 11 lb 
Measures 84 x 44 x 5 
Price £25.16.0 Net 


Head Offices : 76 OLDHALL ST., LIVERPOOL, 3. Telephone : Central 4641/2 





CL3¥4 
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AVO INSTRUMENTATION 


D.C. Amplifiers 
Radiation Monitors 
Valve Voltmeters 
Multi-range Testmeters 
Valve Testers 


and other electronic and 


nucleonie instruments. 


— manufacturers of Electronic Instruments since 1923 


CALDER HALL— 
where AVO D.C. Amplifiers -- 


and many other AVO instruments le 


bead G 
are in permanent use ' 


- 
- WES: 
, « 


ee 
Tt om , «= Dee 





TAN AO au ete cae ae 


3404 (9 lines) 


Telephone: ViCtoria 
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92-96 VAUXHALL BRIDGE ROAD - LONDON $.W.1 


Cables: Avocet, Suowes l 


A93 
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A neat job—quickly 
installed with a real 
rie of costly 
labour—that is a 

















, ‘Pyrotenax’ 
installation 
Photograph by courtesy Monsanto Chemicals Limited. 
Write for full details and ‘‘ Technical Data No. X40”’ 
Branches 
LONDON: Abbey 1654-5 
NON-AGEING . NON-FIRE-CAUSING 
BIRMINGHAM: Midland 126 
eaten i — ae Pyr rina ol its DB 4 SAFE AGAINST OVERLOAD * HEAT RESISTING 
: rf 
asthe Gan roto ie thi a RESISTANT TO MECHANICAL MALTREATMENT 
: eer? & © MOISTURE PROOF ; RUST PROOF 
GLASGOW : City 364/-2 PERFECTED BY EXPERIENCE 
CARDIFF: Cardiff 23689 
PYROTENAX LIMITED : HEBBURN-ON-TYNE 


Telephone : Hebburn 83-2244/8 
GD40 





for the most” 


BESS ER comprehensive 


METALS stock available 





BRASS, COPPER, PHOSPHOR BRONZE, GUN METAL, NICKEL SILVER 


nd ALUMINIUM, DURALUMIN, TIN PLATES, ZINC SHEETS 
nd TEE RODS, TUBES, STRIPS, SHEETS, BLANKS, ANGLES, CHANNELS 
° RIVETS, SCREWS, NUTS, WASHERS, GAUZE, SOLDER 
: PERFORATED SHEETS, STUDDING 
J SMIT & SONS (CLERKENWELL) LTD. phone: CLE 1277 (14 lines) 
© 42/54, ST. JOHN’S SQUARE, CLERKENWELL, LONDON, E.C.! Screw Dept:.CLE 0925 
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p 


romM a small mechanical computer 
quickly assembled from an inexpensive kit 








Toa complete nuclear power station simulator 
designed and built to specific requirements 























AIR TRAINERS LINK LTD 
who have designed and built Flight Trai- 
ners and Aircraft Simulators for over 
15 years. 

They pioneered D.C. computing techniques 
of exceptionally high accuracy, and mechanical 
computing units of outstanding performance. The 
components used in these equipments are well proved 
in reliability and are now offered for separate sale. 
A.T.L. Designers are available as consultants. 

Please write for details. There are many uses for large or 
small computers in nuclear power engineering. 


AIR TRAINER S LIN K LT D 


BICESTER ROAD, AYLESBURY Phone: Aylesbury 4611/7 






Precision - 
made engineering 
Hand Toois 





Precision Hand Tools are of paramount importance to the Engineering 
Industry. King Dick hand tools are precision made under carefully 
controlled conditions, and set a superlative standard in quality and design. %} 
From the largest Constructional Engineering Tools to the smallest B.A. 
Socket Set, King Dick inspection routines ensure the correct combination 

of selected steels, perfect balance and precise accuracy. 

Send for illustrated catalogue giving complete range of King Dick Hand Tools. 





BRITISH! 





a a a a a 


KING DICK ) PRECISION HAND TOOLS 


ay 
ABINGDON KING DICK, LTD., Abingdon Works, Tyseley, Birmingham, I1, England 
R.E. 211 
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THERE’S 
NOTHING 
WRONG 
WITH THE 
HEART OF THIS 
AIR FILTER! 


The “heart” of a Heather Multi-Brush 
Air Filter is a finely graded screen of 
intermingling hair specially selected to 
withstand the varying humidity, and 
conditions of the dust laden air. 

This unique, low-cost filter system does 
not require special cleaning equipment, 





fluids, replacement pads or fabrics — 
simply remove the filter brushes and free 
them from dust by shaking or suction 
cleaning. Heather Multi-Brush Air 
Filters may be built-up into units to 
provide the area necessary for any given 
air flow. 

* Write NOW for brochure H73 which gives 
full details. 


a A at a 











28 ST JAMES’S PLACE: LONDON Swi HYDE PARK 7588 
for accurate temperature 
measurement and control 
More than 50 years’ experience enables Cambridge SS 
to supply instruments with the accuracy and reliab- ELECTRONIC RECORD: 
ility demanded by modern industry. 
Nearly every problem in temperature measurement Cambridge Electronic Recorder 
and control can be solved with Cambridge instrumen- (single or multi-point) for use with 
tation any electrical method of temperature measurement. 
. Also available as a controller. 
Thermo-electric Pyrometers 
Resistance Thermometers Send for Lists AP. For future publications, 
INDICATORS, RECORDERS, CONTROLLERS ask for Mailing Form AP3/58. 
CAMBRIDGE INSTRUMENT COMPANY LTD. 
13 GROSVENOR PLACE, LONDON S.W.1I 
GEER $a oe oe 
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kew worlds to conquer? 


> ry 


Multiple contact 
relay type SMF 
Contacts up to 3 
pole DT Rating 
2A 250v AC 






St A Re eS 


Mercury switch 
relay type SMQ 
Contacts up to 
SPDT Rating 10A 
250v AC 








This rack of relays shown left occupies a length 
of only 9 inches. 





Pins te ess 


—_— eS ET AE A Se Ne 


fit LONDE SERIES miniature relays 
. mem 1 

: em) | 

Rating2A 250v CAC a ———- | 

i 


save up to 50%, in cost and space 
Anerley Works, Anerley Road, London, S.E.20. Tel: Sydenham 3111 




















Enclosed plug-in 
Write now for your free copies of our new leaflet 5 aa ae 
2DPDT or 4 pole DT 


Micro-switch 
relay type SMM 
Snap action SPDT 
Rating 15A 250v 
AC 












This new booklet gives full information 
on the uses of these metals, together with the 
dimensions of the various forms in which they can 
be supplied. The maximum and minimum sizes, 
together with normal tolerances are also included. 
Useful data are given showing the properties of 
the metals, including their resistance to corrosion, 
together with details concerning the relation 
between weight and length for various diameters 
of rod and wire. A section is devoted to the 
illustration of types of corrosion resistant chemical 
plant which can be supplied. 


MUREX LIMITED (Powder Metallurgy Division) 


RAINHAM - ESSEX ~~: _ Telephone: Rainham, Essex 3322 
Telex : 28632 Telegrams : Murex, Rainham-Dagenham Telex 


London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.|I. Telephone : EUSton 8265 
NUCLEAR POWER October 1958 Tick No 112 on reply card for further details A97 








Tick No 113 on reply card for further details 


WHO WANTS 


with all its attendant cost and dislocation. 





Yet it can easily happen. 


N 
4 


Better play safe and specify 


E.P.E. Flameproof Motors. 





Buxton certified of course. 








ELECTRICAL POWER ENGINEERING COMPANY (BIRMINGHAM) LIMITED 


EP; Bromford Lane, Birmingham, 8, Phone: STEchford 2261. Grams: Torque Phone Birmingham 


London Office: 421 Grand Buildings, Trafalgar Sq., London, W.C.2. Phone: Whitehall 5643 & 7963 











Positive Displ P | 
Osilive Displacement Pumps | 

for all applications and requirements | 
Weare specialists in high pressure positive displacement pumps of compact dimensions 
for handling liquids of varying viscosities and with other difficult characteristics. Pumps 
are also made in special materials for arduous duties. | 


Multi-cylinder plunger pumps of new design for Triplex totally enclosed power pumps for various 
direct motor drive. Unit construction, from capacities and pressures up to 6,000 p.s.i. 
ss mes as 

two to six plungers with output 0.6 g.p.m. per Scone ral iets, tga tea o simplex, duplex and 
7 . . : triplex type in materials to suit a wide variety of 

plunger at 1,000 p.s.i. pressure. Overall dimen- liquids ; ‘ 

2 Ss. 

i ” ” ” J . . . . . . 

sions for five stage pump only 7 xa MF Special pumps designed to suit any individual 

high. Patents pending. Price ex-works only £150. requirement. 


If 5 ou have a pumping problem please contact us 


JOSEPH EVANS & SONS (WOLVERHAMPTON) LTD 


CULWELL WORKS, WOLVERHAMPTON LONDON OFFICE : Pulsometer House 


20/26 Lamb’s Conduit St, W.C.1 
Telephone: 20864 /6 Telephone : HOLborn 1402 
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ATOMIC ENGINEERING 
ACHIEVEMENTS 
oe HoPLAA POC OOOO ee = — 














ewe. - 


Re Opposite, a liquid metal heat transfer loop set under a 


ee 550°C. Nak test. 


£280 (designed and constructed under the supervision of the 
*eses EDF’s Study & Research Section). 


eee 
fesese Other atomic engineering achievements : 


e*e? —GACHOT Bellows Valves 


- 
eee 
ee 


—Valves fitted with electro-magnetic drive and special 
valves for the detecting of burst fuel slugs. 


ste —Valves and other devices with magnetic couplings 
*. (permanent magnet). 


TECHNIQUES NUCLEAIRES 


SOCIETE D’ETUDES ET DE REALISATIONS 
Ve 40) ae) A (@)» BELG). hae Ve) 4 D010) Me. 4@) a7 - 1 | 1) a | 


Qu IN CARBON OR ALLOY STEELS TO B.S. 


SPECIFICATIONS ... 


. . . or to customers own specifications. The stringent requirements 
of present day engineering call for homogeneous forgings in carbon 
and alloy steels which conform rigidly to defined standards. 
Mountford forgings are backed by over 80 years’ experience, an 
important factor when you demand absolute reliability. 


We will be pleased to send you 
descriptive literature. FORGEMASTERS SINCE 1872 





JOHN MOUNTFORD and CO LTD 
MANCHESTER, I! Telephone : EAST 2006 (three lines) 
Included on Lloyds, Admiralty and Ministry of Supply Inspectoral Lists. 
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co, 


This illustration shows a 


tebebeebe & be 


storage installation for 150 tons 
of Liquid CO) at low pressure. 

Wesupply complete instal- 
lations including Vapourisers 
for large scale CO, discharge, 
automatic apparatus and con- 
trol instruments. 

We also supply liquid and 
solid CO, production plants 
from a variety of fuels or from 
by-product gases with capacities 
of }-ton per day upwards with 
guaranteed purity of the CO, LLOYD & ROSS LTD 
produced. 58 Victoria Street, S.W.|. 


Telephone: Victoria 4873 
Cables: LOYDROS, LONDON 


Maschinenfabrik ESSLINGEN, Germany. 





OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 








WETS DAML 
/ 
/ 
f 
7 


In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The Wd) 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 


Manufactured now for several years they have 


proved themselves successful in many industries. ( 
For further details please write requesting | 
Leaflet Nos. 4, 20, and 28. 





Reneensetoetentete nets WILLIAMS & JAMES encineers,; LIMITED 
GLOUCESTER : ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 | TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER 


K/W.J. 1995 
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‘LOW-TENSION A.C. AIR BREAK SWITCHGEAR 


“One of thirty-six 

composite Switchboards which are 

being installed in the South of Scotland 

Electricity Board’s Generating Station at Kincardine.” 


CONSULTING ENGINEERS - 


AIR-CIRCUIT BREAKERS, COPPER CONNECTIONS, AND MESSRS. KENNEDY & DONKIN 


BUS BARS TESTED IN ACCORDANCE WITH A.S.T.A. 16. 


Manufacturers of Air Break Switchgear 
for the past fifty years 


hallo) ome- am —lelel a al- Mme 
SWITCHGEAR WORKS CASTLETON ‘ ROCHDALE * LANCS 


FOR LEAFLET IF/2 WRITE TO 
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ATOMIGS INTERNATIONA 


A DIVISION OF NORTH AMERICAN AVIATION, 


PIONEERS IN THE CREATIVE USE OF THE 1% 
CANOGA PARK, CALIFORNIA, U.S.A. 


— — 
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INTERATOM 


INTERNATIONALE ATOMREAKTORBAU GMBH. 
DUISBURG, FEDERAL REPUBLIC OF GERMANY 


IFPROPULSION 
&TOCOMPETITIVE POWER 








bl 





ER KILOWATT HOUR 





LOW PRESSURE 
NO CORROSION 


LOW PRIMARY 
ACTIVATION 


CONVENTIONAL 
MATERIALS 


COMMERCIAL 
COMPONENTS 


MINIMUM 
INVESTMENT COST 


TOP OPERATIONAL 
SAFETY 
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VitrEosl [ Vitreosil Pure Fused Silica 
. Blocks are now available up 
PURE FUSED SILICA to 36” x 18” x 18”; larger 

BLOCKS sizes are under development. 


Present applications are for 
special glass melting fur- 
naces and_ constructions 
where freedom from con- 
tamination and stability at 
high temperatures are 
desired. 


Your enquiries will be given 
prompt attention. 








sit THE THERMAL SYNDICATE LTD. 
‘e P.O. Box No. 6 WALLSEND, NORTHUMBERLAND. Tel: Wallsend 6- < Mee, 


we RS 
ZO 
SERVICE TO LONDON: 12-14 OLD PYE ST., WESTMINSTER, S.W.1. Tel: ABBey 5469 O os e 


SCIENCE Ppy O 








AND NOW AT BRADWELL! 


WHEN SPECIAL PURPOSE TRANSPORT TANKS ARE REQUIRED 


* DARHA M CAN PROVIDE THEM EFFICIENTLY & QUICKLY 








Engineers and makers of | 
TRANSPORT TANKS 
STORAGE TANKS 

PRESSURE VESSELS 


Fabrications in 





MILD STEEL 

STAINLESS STEEL Foclling Unte by Doran, 
, . gM aie . for operation on site 

and ALUMINIUM a sal sor sien 





wonxs %* DARHAM INDUSTRIES (LONDON) LIMITED 


a. ESSEX 13 VICTORIA STREET ‘ LONDON * | Ewe 


DURHAM CITY. Phone: ABBEY 2231-3 
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MACHINING OF H.M. GOVERNMENT 


NUCLEAR GRAPHITE DEPARTMENTS 
* e 
NUCLEAR 


FULLY EQUIPPED 


ENGINEERING FIRMS 
MACHINE SHOP 









2 
® 
RESEARCH 
SPECIAL LABORATORIES 
MACHINE PARTS 
. o ELECTRICAL 
SECURITY o INDUSTRY 





NOBRAC CARBON LIMITED 


Commerce Way, Lancing, Sussex Telephone: Lancing 2053 (3 lines) 





AYLI LI BY 


ly ea att) am tor tluid measurement and control 


ENGINEER ROTAMETER FLOWMETERS 


@ INDICATORS 


THE “‘R.M.”” DENSITY METER‘MK. 2 @ TRANSMITTERS 
@ CONTROLLERS 
The density of piped flowing @ ALARMS 
liquids, including slurries and FLOWMETERS FOR EXTREME CONDITIONS: 
corrosives are continuously Temperature : —200°C. to 400°C. 
measured, by the R.M. Pressure: Vacuum to 5,000 p.s.i.g. 
transmitting density meter. Flowmeters for corrosive fluids. 


Density changes of the order 
of .002 gm/ml. can be readily 
detected, with choice of 
electric or pneumatic signal. 


FLOWS HANDLED RANGE FROM: 
Liquid .. 0.5 c.c./min.—7,000 litres/min. 
Gas .. 2.0 c.c./min.—115,000 litres/min. 


Booklet RP2125/16 is free on request. 


DEVELOPMENT CONTRACTS 


For special instruments to transmit measurements of flow, density and level have been undertaken. 
float and glands, 


ROTAMETEAR 


ROTAMETER MANUFACTURING COMPANY LIMITED, PURLEY WAY, CROYDON, SURREY. Telephone: CROydon 3816 
5 





TYPE 907 


Metric Series 
Industrial Rota- 
meter; inter- 
changeable tube, 
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a Complete Scintillation phosphors 
Service FOR RESEARCH & PROCESS CONTROL & cou nte rs 


PLASTIC, LIQUID, AND CRYSTAL PHOSPHORS 
* PLASTIC PHOSPHOR NE. 102, light output 65°, anthracene, available in all sizes 
and shapes up to one ton, in thin sheet form, in fine tubes for the construction of scin- 
tillation flow counters, or as filaments for the construction of scintillation nuclear track 
chambers (Bulletin 11 

* BORON POLYESTER PLASTIC PHOSPHOR N.E. 400 and N.E. 401 for neutron 
detection. 

* LOADED LIQUID SCINTILLATORS in bulk or encapsulated, containing Pb for 
extreme X-ray sensitivity, and Gd, B, Cd, and Sm for neutron detection (Bulletins 


9 and 9a 
* SCINTILLATING GELS for efficient internal counting of suspended materials 
Bulletin 9 


* SCINTILLATION CHEMICALS of highest purity P.B.D., POPOP, T.P.B., p-ter- 
phenyl, PPO, D.P.H., alpha-N.P.O., D.M.C., B.B.O., B.P.O., vinyltoluene, styrene, 
xylene, toluene and methyl borate (Bulletin 10). 

* LIGHT PIPES of polyvinyltoluene and polystyrene. 

* HARSHAW SODIUM IODIDE CRYSTALS. Exclusive concessionaire for Great 
Britain. Also Lil (Eu) and CsI (Tl 


NEW LINE OF PRECISION NUCLEAR INSTRUMENTS 





* Non Overloading Linear Pulse ampli- * Highly Stabilised EHT Supply N.E- 
fier N.E. $202 of the Fairstein type $301. 
(Bulletin 14). * Complete assembly for C14 and tritium 


: ting N.E. 8301. 
* Pre-Amplifier and Cathode Follower qqumiag 225. Sots 


f * Complete Human Body Counter Instal- 
N.E. 5202 A. lation N.E. 8101. 
* Single Channel Pulse Height Sorter 7 er ee Seen 
In aN. Cc < -er . : . ° 
N.E. $102. cecal sey aly . Write now for Bulletins 1 to 15 and 1958 Price List. 
* Shielded Scintillation Head Unit N.E. * Scintillometers for Geophysical Explor- 





$501. ation, Mark VI and Mark IX. 


Associate Company : 
Nuclear Enterprises Ltd. 
1750 Pembina Highway, 
Winnipeg, Canada. 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, SCOTLAND. Telephone: CRA 4513. 


HYDROSTATIC 
TANK 
CONTENTS 
INDICATORS 


The K.D.G. range of 
indicators is available for 





all types of tanks, where : 
accurate readings are 
essential. 

at ail: ">, 


*. RAWLEY *, 
Write for full details 


of these and other K.D.G. kK ) G 


Suitable transmitters for all . instruments. yN 





ION Y 
liquids including corrosives, 


“< » 
dagao” 


and foodstuffs, paper 


and semi-solids ’ 
In association with Stow & Partners Ltd. 





K.D.G. INSTRUMENTS LTD., Manor Royal, Crawley, Sussex. Crawley 25151 
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DESIGN - DEVELOPMENT * MANUFACTURE 


PRECISION ENGINEERS TO THE NUCLEAR POWER INDUSTRY 
PRECISION MACHINING, WELDING, ASSEMBLY 

PRECISION CASTINGS IN 99.89% PURE ALUMINIUM AS SUPPLIED 
TO THE M.O.S. 


Development and manufacture of precision test rigs 


| Assembly carried out in full clean room conditions. Approved by the United Kingdom Atomic 


| Energy Authority. A.I.D. and A.R.B. approved. 


| U N lV ERSAL PATTERN AND PRECISION ENGINEERING CO. LTD. 
| 


KELVIN WAY - CRAWLEY - SUSSEX (CRAWLEY 2345-8) 














a | 
The ablutions solution... ‘*: 


Individual lockers for the safekeeping 
of clothes and personal belongings are 
an essential part of any ablutions 
scheme. Rubery Owen lockers are con- 
structed to fit compactly into the space 
available and yet provide ample 
accommodation for everyone. They are 
invaluable for industries such as nuclear, 
foundry, mining and heavy engineering 
where a complete change of clothing is 
essential, and the whole instal- 

lation can be heated by plenum . 
or steam. 

If you are instituting or mod- 
ernising an ablutions installa- 
tion, call on Rubery Owen for 
expert advice and a practical 
solution to the locker question. 


RUBERY OWEN | 


LOCKERS - 


RUEFERY OWEN & CO. LTD. INDUSTRIAL STORAGE EQUIPMENT DIVISION, WHITEGATE FACTORY 
WREXHAM, N. WALES. Tel: Wrexham 3566-8 


Territory Offices: London, Birmingham, Coventry, Manchester, Bristol, Newcastle, Glasgow. 
Member of the Owen Organisation 
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are publications 








8) 
Q 3 











a problem? 





i RW | N T E Cc H N ICA x act as professional consultants to the 


engineering industry in all matters concerned with technical publications. 
Every facility is available for the authorship and illustration needed by 
organisations engaged in the manufacture of mechanical and electronic 
equipment. . 


MANUALS ° LEAFLETS ° DATA SHEETS . FILM STRIPS : DISPLAYS ‘ ILLUSTRATION 


IRWIN TECHNICAL LIMITED - ORMOND HOUSE - 9 ORMOND CLOSE 


Contractors to H.M. Government LONDON W.C.i. Telephone: Holborn 4234-5-6 





ARMOURED HEATERS 


for the pre-heating and stress-relieving of 
welds and other forms of heat treatment. 











Flexible resistance heaters to operate at working 
temperatures up to 800°C. (1472°F.) readily pro- 
vide heat treatment to code requirements and 
have many advantages over other methods :— 
> LOW INITIAL COST % LOW POWER CONSUMPTION 
+ EASILY INSTALLED %& EASILY CONTROLLED 
%& SAFE LOW VOLTAGE -+& PORTABLE 
Illustration shows typical set-up being prepared for 
heat treatment and welding. 


(photo by courtesy of Foster Wheeler Ltd.) 


Please write for the new illustrated leaflet, No. NW/321 


ELEGTROTHERMAL 


270 Neville Road, London, E.7. Tel.: GRA 9911 
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TESTING F 


Today’s rapid increase in the speeds of 
Guided Missiles, Aircraft and various 
types of machinery has made the 
Engineer acutely aware of vibration. 


Full scale testing is often expensive, 
though ultimately necessary, yet it is 
possible to assimilate the conditions 
under which parts will work by inducing 
controlled vibration and modifications 
can then be made at the design stage. 
In this field, W. Bryan Savage Ltd. 
have been actively engaged for the past 
twenty years and are one of the 

leaders in the manufacture of Power 
Amplifiers and Vibrators. 


-~wwoewoworeowereeewvyrevwvwvrevwvwyreyvwyvyvvyvyrvwrvyrvwvwrevwvevevwvevwevwvwvevwvevwvwwevwewrweweweweweweeweweweweweweewewevwewevwvevwevwrwrvwevrevwervwevwevrevwrevevevww™ 


* If you have any problems regarding vibration, 
consult our Technical Dept. 


W. BRYAN SAVAGE LTD 


designers and manufacturers of vibrators for industry 


17 STRATTON STREET, LONDON, W.1 


Telephone Grosvenor 1926 
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Nucleated 
Power 





© 


The nucleus of our business has always 
been our mechanical division which has 
specialised in the manufacture of com- 
ponents and assemblies for nuclear and 
other applications where a high order of 
precision is essential — the machining of 
stainless steel, radiometal, monometal, etc., 
being an important part of our work. 
Now we have gathered to this nucleus an 
electromechanical division and thus increased 
our power to help you by undertaking 
the Design, Development or Manufacture 
of :- 





Mechanical components, assemblies 
and mechanisms 


Electromechanical control systems 
Light electrical and electronic equipment. 


One-off prototypes, preproduction models and 
the engineering of breadboard systems, precis- 
ion turning and jig boring are of particular 
interest to us. 


Sealey Engineoring Company 


A.I.D. and A.R.B. approved. 


Head Office and Mechanical Division:- 
148 South Park Rd., Wimbledon, S.W.19. Tel: Liberty 6444 


| * 
| 


Electromechanical Division:- 


Drift Bridge, Ruden Way, Epsom Downs, Surrey. 
Tel: Burgh Heath 5482 


Al09 
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Pulsometer High Vacuum Pumps have been chosen 
for the South of Scotland Electricity Board’s new nuclear power 
station at Hunterston. These pumps, renowned for their high 

efficiency and small size for a given capacity, will be used to evacuate the 
reactor shell and heat exchangers totalling several thousand cubic feet. 


Write now for full details of the Pulsometer range of High Vacuum Pumps 


THE PULSOMETER ENGINEERING CO. LTD 


Nine Elms Iron Works, Reading, Berks., England. Phone: Reading 67182 





METALECTRIC 


our custom-built radiant and immersion elements can 






solve your nuclear engineering thermal problem. 





METALECTRIC FURNACES LTD - SMETHWICK - ENGLAND 


11/25/58 
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Aeronautical engineering is an excellent 

school for nuclear engineering. That is the reason for 

this advertisement. Armstrong Whitworth have been concerned 
with aeronautical engineering right from its infancy. 

Our machine tools and their highly skilled operators are 

now tackling a wide variety of engineering problems. 

We might well be able to help you. Write or telephone to: 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
BAGINTON, NR. COVENTRY. TOLLBAR 2261. 


Ne 







& ua 
to we 
who have a range of J 
1000 NEW TYPES - 
Bn, wt, 
(Materiel Technique 
~~ Industriel) = 
~_ _ Delivery 14-21 days _ 
for most types ee, 
a ” 
= * Most models can be fitted with dust covers Operating from 1 Milliwatt to 1 Kilowatt with : 
or or hermetically sealed. up to 96 changeovers at 10 amps. per contact. ‘ean, 
ia. * Range includes certain models hermetically “e 
= sealed, all metal gas filled with glass base, and ‘ 
, an built in adjustable thermal delay. ™ 
a 
y wv * Post Office types 3000 and 600 relays of our 
a 


own manufacture to specification. Guaranteed 
to full A.I.D. and LE.M.E. standards. 


r 
-. Sole concessionaires for U.K. and 
Wf f / Dominions on behalf of M.T.1. 
5 BYRON ROAD, HARROW, MIDDX. 
# o E ‘ SIMM '@) ND S iF JD) a Telephone: HARrow 7797/9 Telegrams: SIMRELAY HARROW 


(Manufacturers and Trade enquiries only) 


is ga 
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CENTRIFUGAL GASTINGS 
made to measure 







New techniques enable us to 
supply single or bi-metal cent- 
rifugally cast tubes of much 
greater length than hitherto— 
in all types of steel, including 


corrosion and _heat-resisting 


alloys. 


(Also supplied in short lengths to suit your machining capacity) 


for all types of rollers 


Write for details to: 


Sheepbridge Alloy Castings Ltd. (One of the Sheepbridge Engineering Group) Sutton in-Ashfield Notts. Telephone 


: Sutton-in-Ashfield 590 


Y 
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We specialise in fabricating hori- 
zontal or vertical air receivers to 
customers’ specifications, and pride 


ourselves on the attention paid to 
constructional details which ensure trouble-free service 
for the finished product. 


The vertical air receiver illustrated right was designed 
for a working pressure of 150-lbs. per sq. in 


W.G. ALLEN & SONS (TIPTON) LTD. P.O. BOX 4, TIPTON, STAFFS 


TEL: TIPTON 1266 








Typical examples of Allen’s Fabrication Service : Low Pressure Welded Piping for Exhaust 
Steam, Gases, Water, etc. Pipes and Ducts for Super Power Station Boiler Plant ; Hoppers ; Casings 


Tanks ; Flat Platework ; Manipulated Platework of all kinds ; Bed Plates and Frames for Machines, etc 
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TENGINEERS!! 


TO BRITISH 





















Ae AND 

< AMERICAN 
FORGED 

NDARD 
-buy from & eTanoanoe 
; FLANGES 


KIRK S- 


STAINLESS STEEL STUB NIPPLES 


..andyou BUY BRITISH! 


FE LER IS 


r. -ae O- © am Ge a SO - 5 a ee Oe to) 


FABRICATED 
PIPEWORK 
IN STEEL, 
STAINLESS 
STEEL AND 
COPPER 








74 82 PARADISE ST., LONDON, S.E.16 


BERMONDSEY 3156 7/8 


WAS AAA 


WALSALL MANCHESTER PONTYCLUN 







MALLEABLE TUBE FITTINGS Sas saa 
TO BRITISH STANDARDS ™ - as British as the 


Flag 






THE HEART OF RELIABILITY 
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THE DAVISON VACGUMETER =—— 
A Mercury Column Vacuum Gauge = __ Fabricated by 


for accurately registering the absolute 
pressure inside a Steam Condenser 


tn ta O VA 





... the bodies for twelve 
60" Tansphere Valves 
being supplied by 
Hopkinsons Ltd for 
Bradwell-on-Sea 





Nuclear Power Station 
* Installed by The United Kingdom Atomic Energy 
Authority in Calder Hall. 


%* In many Central Electricity Generating Board 
Stations and in others throughout the world. 


%* Also in Turbine-driven Steamships. = _ YARROW & CO. LTD 
%* Also makers of creep testing machines SS 


DAVISON & CO. (HEXHAM) LTD. = _ SCOTSTOUN, GLASGOW, W4 


(ENGINEERS) a 
HEXHAM -ON- TYNE ENGLAND ———_ SCOTLAND 


Telegrams: ** Davison, Hexham.” Telephone: Hexham 7 
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= 
EDISON VOICEMRITER 


oO 





IT’S IDEAS THAT MAKE 
YOUR BUSINESS GROW! 


Clear the way for thinking time with 
THE VOICEWRITER 


Every day businesses grow bigger, move faster, demand 
better communications. The EDISON VOICEWRITER 
helps to satisfy this demand in offices and on the desks 
of executives around the world. 

Management messages must be relayed accurately and 
quickly. The Voicewriter’s value lies in its ability to do 
this—an ability that Thomas A. Edison foresaw when he 
invented the business Phonograph. 

The Voicewriter is an ever-present means for the quick 
despatch of executive decisions, ideas, delegation of 
work, all the administrative details. The Voicewriter is 
one of the many electronic advances pioneered by 
Thomas A. Edison Industries, the Company carrying on 
the high traditions of its famous Founder. 

We shall be pleased to send you further particulars 
and if so desired arrange a free demonstration at your 
desk. 


HAVE YOU INVESTIGATED REMOTE CONTROL 
DICTATION—INTRODUCED FIRST BY EDISON ? 


Many low-cost, Connect to one single, 


Om easy-to-use central recording 
() remote-control instrument—the 
TELE-VOICE Qa 
Stations & TELE-VOICEWRITER 


Q Sdison. 


LIMITED 














VICTORIA HOUSE, VERNON PLACE 
SOUTHAMPTON ROW, LONDON, W.C.1 
Telephone: HOLborn 9988 
Branches and Dealers : 
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accurate 
particle size 
analysis 


Simply vibrating or shaking te 
sieves by hand is not enough fc 
an accurate sieve analysis of th 
particle size range of a materia 


SRE +! emeeee : 


i | 
—_ | 
i= 
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= | 
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Vibration alone tends to aggregat 
rather than segregate particles, ar 
shaking test sieves by hand 

tedious and obviously inefficien 


The Inclyno Test Sieve Shaker, wit 
a double movement that gyrate 
and jolts the test material aroun 
the entire surface area of the mes 
of each test sieve, ensures perfec 
segregation of the various partic! 
sizes in the shortest possible time 


The Inclyno Test Sieve Shaker 

an essential unit for all labora 
tories and is standard equipment 
for sieve analyses in many govern 
ment laboratories, nationalized in 
dustries and industry in genera! 





Operated by fractional h.p. motor and supplied complete with automatic 
time switch covering test periods up to 60 minutes. Three models 
available for all sizes of standard test sieves. 


INCLYNO 


TEST SIEVE SHAKER 


THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD + CRAWLEY - SUSSEX 





Write or telephone 
Crawley 25166 for 
List IN 32/0 
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Belfast * Birmingham * Bristol * Dublin Glasgow 
Leeds * Manchester Newcastle Southampton 
All4 





fe <i 2 RR alt 


“*Standard"’ P.X. Fans, for pressure applications: motor- 
coupled or ‘V' rope driven. Volume range 40 cf.m. to 1000 
c.f.m. Pressure range 12’ static W.G. to 45’ static W.G. single 
stage Fans. 


AND ALLIED EQUIPMENT FOR THE REMOVAL 
OF DUST, FUMES, SMOKE, STEAM, GASES, 
REFUSE, ETC. INDUCED AND FORCED 
DRAUGHT, COOLING, BLOWING, VENTI- 
LATING. 

Let us have details of your specific requirements—our Technical 
Staff will be glad to assist you. With your enquiry, please ask 
for a copy of our Publication No. 183. It provides a general index 
to the wide range of products we make, associated with heat 
and air treatment. 


THE STANDARD & POCHIN BROS. LTD. 
Dept. N.P., EVINGTON VALLEY ROAD, LEICESTER 
Telephone: 36114/5 (2 lines) 
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| OVALOCK 


FLOORING 























Where strength and the passage of 
maximum light & ventilation 
is required... 


- ++ OVALOCK is the ideal flooring 


The design of ‘““OVALOCK” ensures that 
loads, either concentrated or distribu- 
ted, can be carried with an ample factor 
of safety, and what is more, it can be cut 
and worked around obstacles without losing 
any of these advantages. 

A positive non-slip surface is assured by 
the traverse members being just proud 
of the longitudinal members and the 
right angle construction thus formed 
makes dirt collection impossible. Over 
100,000 square feet of ‘‘ OVALOCK "’ floor- 
ing has already been installed at the 
Portishead Generating Station. 

The fully qualified drawing office staff at Gardiner 
of Bristol will be pleased to answer any questions 
on design and installation — prompt attention is 
assured and full details will be sent on request. 


Gardiner, Sons & Co. Ltd., Midland Works, Willway Street, St. Philip’s, Bristol 2, 
and 8 William IV Street, Strand, London W.C.2 
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The international pipe 


couplings of proved efficiency 








PARALLEL MALE STUD COUPLINGS 
to suit N.B. pipe sizes 4” to 14” 
and O.D. sizes %” to 2” 


EQUAL CROSSES 
to suit O.D. pipe sizes 

i” to 2” and 
N.B. pipe sizes 4” to 14” 








BRITISH ERMETO CORPORATION 
LIMITED 


Telephone: Maidenhead 5100 (10 lines) 
Telegrams: Grambon - Maidenhead 





BANJO COUPLINGS 
to suit O.D. pipe sizes 

tk” to 2” and 
N.B. pipe sizes 4” to 14” 










NUCLEAR POWER 


October 1958 
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‘Davison offers FUELS IN 
TONNAGE QUANTITIES 








Davison Nuclear Reactor Materials Plant, Erwin, Tennessee. 


Shown above are a few samples of the more than 30 uranium and 
thorium products offered for sale by Davison from its Erwin plant. 
These include UO;, U;0s, and UOz powder; uranyl nitrate and 
uranyl sulfate, crystals or solution; uranium metal in derby, ingot, 
or rod form; thorium nitrate, oxalate and oxide powder; thorium 
metal in powder, ingot, or rod form. 

Davison can supply these products from natural uranium and 
thorium and can also perform the conversion of enriched UF, to 
oxide or metal. 

This unique plant forms a vital link between producers of uranium 
and thorium concentrates and the ultimate users of fuels in various 
types of reactors, as well as between the Government owned gas 
diffusion plants and the private users of enriched uranium. The 
concentrates as received from industrial or AEC sources are not 
suited chemically or physically for reactor operation. Davison 
processes these materials so as to supply feed materials in exactly 
the form required by each fabricator or user. 

For your convenience Davison can also handle a variety of 
scrap recovery services. 

Whatever your needs in fuels may be, direct your inquiries for all 
quantities to Davison at Erwin, Tennessee. 


w.r.GRACE «co. 


DAVISON CHEMICAL DIVISION 
Erwin, Tennessee 
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or all applications in 
Nuclear Power plants... 


. . « Continue to fit 


FREMO STAINLESS STEEL 


bolts, nuts, screws 
and other fasteners 
with corrosion, 

contamination and 


heat resistant 


properties. 





we Sa] a) 


RREMO 


TRADE MARK 


FREDERICK MOUNTFORD 
(BIRMINGHAM) LIMITED 


Fremo Works, Moseley St., Birmingham, 5 
Tel. MiDland 7984 PBX 
Grams ‘FREMO’ Birmingham 


Allé 
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ENDECOTT: 
TEST SIEVE: 










No Crevices to trap 
particles, frame and wire 
cloth are joined as one. 


Guaranteed 
Accurate — 
Manufactured 
under licence 
from the British Standards Institution. 
Mechanical Sieving is ideal with Endecotts Sieves—several simui- 
taneous tests are possible with intermediate receiving pans. 
British, U.S. Standards and Tyler Equivalents are , 


readily available, many other international standards 
also supplied. 





**ENDROCK’”’ TEST SIEVE SHAKER ‘u ; 
saves valuable time and effort of skilled personnel, i 
similar to manual motion but is more consistent ws 
having a regular mechanical action—a time switch Ss 





controls the length of time for tests. 


| 


We operate a Recovering Service—if sieving is 
important to your business, ring or write for literature 
—or for any advice you require—we'll be glad to help 


ENDECOTTS (FILTERS) LTD 


251 Kingston Road - Merton Park - London, S.W.19 
Telephone: LiBerty 8121/2 Telegrams: ENDFILT, LONDON 
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STEEL FABRICATING 


AND 


MACHINING SPECIALISTS 


LLOYD'S CLASS Il FUSION WELDED VESSELS 
CONTRACT GUILLOTINING—96” x 
HYDRAULIC FORMING & BENDING—150 TONS 
PLATE ROLLING—120” x 3” 
PROFILE CUTTING UP TO 6" THICK 
ARC & GAS WELDING 


MACHINING CAPACITY 
UP TO 86” DIAMETER & 144” LENGTH 


OIL, WATER & ACID STORAGE TANKS 
Ex-Works & Fabricated on Site 


EXPERIMENTAL & RESEARCH CHAMBERS 
VACUUM VESSELS, PROCESSING & STORAGE 
TANKS, DUCTING, PIPEWORK 
CHIMNEYS, HANDLING EQUIPMENT 
HEAT EXCHANGERS & STRUCTURES 
* 


Enquiries invited 


ERING & 


EMPIRE WORKS 
163 CLARENCE STREET 
KINGSTON-UPON-THAMES 


Phone Kingston 6820 & 6272 


@ 
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2nd Edition 
now ready 







THE INDISPENSABLE 
REFERENCE BOOK 


Now in its 2nd edition the NUCLEAR 
POWER YEAR BOOK and BUYERS 
GUIDE is the only comprehensive publication 
of its kind in the world. Revised from cover to 
cover and greatly enlarged the 1958/9 edition is 
essential for :—management, designers, research --——-—-~—-~-- spoteiw trognd nee eaietiead iba ea Tecra teatab ated 
workers. Contents include by 1500 British ! Please send me 1958/9 Nuclear Power Year Book 
companies and their nuclear products classified [] lI enclose £2.12.0 + 2s. postage, £3.3.0 
under 770 heads; new review articles; information overseas 
on World’s atomic energy authorities; Who’s Who 
in nuclear energy; technical data including all 
the known nuclides. 


SEND FOR YOUR COPY NOW! 


[] Invoice me later 


NAME .. 
ADDRESS ........ 


Rowse Muir Publications, 3 Percy Street, London, W.! 
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SHEETS - BARS * TUBES 
STRIPS & BLANKS ‘also 
PROFILE CUTTING & 

SHEET POLISHING 


WE WILL PROFILE 
ANY SHAPE 


eb 








(ECOXE IKeS: 


LIMITED 


SCAPA HOUSE - 
LONDON N.W.10 








Alls 


PARK ROYAL RD. 
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| | 
AN AUTHENTICATED Ficure’ 






Characteristic 
advantages : 


® High efficiency 

@ Economical fuel 
consumption 

@ Unusually compact 
in design 

@ Adaptable for 
conventional or 
waste fuels 

@ Easy access for 
maintenance 





4 






FRASER & FRASER LTD 


Bromley-by-Bow, London, E.3 


Telephone : ADVance 3266 (4 lines) Telegrams : Pressure, Easphone, London 
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SCREW MACHINE PRODUCTS LTD. 


Wooburn Green, Nr. High Wycombe, Bucks. 
Telephone: Bourne End III 


\ Milling: 


and interna! 
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m ERCURY-IN-STEEL 


TEMPERATURE INSTRUMENTS 


DIAL THERMOMETERS 
for Industrial purposes. 


DIAL THERMOMETERS 
for Diesel engine use. 


INDICATOR CONTROL 
THERMOMETERS 
with Electric Contact Head. 


MAX. or MIN. 
INDICATORS. 





TEMPERATURE 
RECORDERS 

Single or Dual Pen. 

Fixed or Portable Models. 


TEMPERATURE 
CONTROLLERS 
Indicating and Non-Indicating 





Also a full range of BI-METAL and VAPOUR PRESSURE 
Temperature Instruments. 
Write for details 


THE BRITISH ROTOTHERM CO. LTD. 


Merton Abbey, London, S.W.19. Telephone: LiBerty 766 
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CAAANY a \ 
“ “Baraat 


ROLLING 
DOORS 


WITH FLAT LATHS 


vain considerable strength from their flat lath 


Barker Steel Rolling Doors 
on alternate laths making the door secure and rigid. 


1, the endlocks 
flat laths are of steel, and are identical, replaceable or interchange sable 


They are rugged, neat oe re aia 4 sherardized or 


ind can be fitted to the widest openings 


of damage 


lised as required 


ALSO AVAILABLE WITH CONVENTIONAL CURVED LATHS 


Write for fully informative literature to Dept. A7 
Street, Amcoats. Manchester 4. Telephone. COLIyhurst 2018 
Beacon Works, Strawberry Vale, Twickenham Tel POPesgrove 0794 
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LADY 
Hercules! 


Who would think a ladybird could carry I5 times 
its own weight. 
happily. 
Miniature Ball Bearing. Even more startling is the fact 
that this bearing can carry 16,000 times its own 

weight, viz., 4Ibs. at 100 r.p.m. A range 

of Hoffmann Miniature Ball Bearings is made 

from +” down to 3 m.m. outside 
diameter, to B.S.I. limits, or if 
to specifications A B E C 3, 5 or 7. 


This one is doing it easily and 
The load is a 4 m.m. Hoffmann 


required, 





THE GREAT LITTLE 
BEARINGS 


*After the photograph was taken 


the ladypird flew away home 





THE HOFFMANN MANUFACTURING CO. LTD 
CHELMSFORD ESSEX 


Allg 
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ue Rifecure 


used at 


BERKELEY 






ELMECO 


ELECTRO-MAGNETIC IMPULSE 


COUNTER 
with a NEW type Stepping Motor 


A new type of Electro-Magnetic Impulse 
Counter, manufactured by Messrs. Elmeco, 
A.G., of Zurich, is now available in this 


Country. This Counter fills the gap between 

existing types of Electro-—Magnetic Counter 

and the Electronic types; it can be supplied 

with Mechanical, Electro-Magnetic, or . . 

combined Mechanical/Electro-Magnetic High quality concrete at two of Brita 
resetting devices 

The ELMECO Counter has 5, 6 or 7 figures . . . 
and is powered by a stepping motor from Nuclear Power Stations is cured with 
which the number drums are driven by a 

unique type of plastic belt. The result is a silent 

machine capable of accurate counting at a 

sustained rate of 30 impulses per second; 

this can be increased to 50/60 Impulses per 

second for limited periods, and the operating 


current is low. “ ¢ ” 
@ HIGHEST SELECTIVITY FOR IMPULSES @ LONGEST LIFE 
@ HIGHEST COUNTING RATE FOR CONTINUOUS OPERATION 
@ PRACTICALLY NOISELESS IN OPERATION @ ELASTIC DRIVE 
@ ACCOMPLISHED BY MOTOR DRIVE WITH PLASTIC BELT 


Write for particulars : 


weeus ness a.company, | SUEVART B. DICKENS LIMITED 


20-21 Tooks Court, Cursitor Street, 
London, E.C.4. Tel.: Holborn 2851 










Manor Way, Boreham Wood, Herts 
Telephone: Elstree 2211 


IN THE PRESS! 


NUCLEAR REACTOR PHYSICS 


an elementary course 


by JAMES F. HILL B.Sc. principal, Reactor School A.E.R.E. Harwell 














s : l TO; ROWSE MUIR PUBLICATIONS LTD 
In response to widespread demands, we i 
i 3 PERCY ST, LONDON WI. 
have reprinted the course in basic reactor i | 
-— Please send me immediately 
physics which was specially written for | 7 
is 2 pon publication copy/s of Hill's REACTOR 
NUCLEAR POWER and published in serial ' 
PHYSICS 
form during 1956 and 1957. The monograph 
has been revised by the author and forms an | enclose 
excellent introduction. (64 pp. in stiff boards). | [> Please invoice me 
| = 
Price: UK, 30s +18 3d Abroad $5 + 20¢c | NAME 
j; NAME____ - - eer a 
or equivalent | 
ADDRESS 
! 
| 
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SOUTHBOROUGH 


DEVELOPMENT, PRODUCTION AND 
PRECISION ENGINEERS 








Specialists in sheet metal work 
and prefabrication to the Nuclear field 
STAINLESS STEEL 
MAGNESIUM 
NIMONIC ALLOYS 


etc. 


Argon-Arc, Gas and Electric Welding 
A.|.D. and A.R.B. approved 








SOUTHBOROUGH GROUP 
112-122 COOMBE LANE, LONDON, S.W.20 
TELEPHONE: WIMbledon 6311 
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HIGH-VACUUM 
DISTILLED 


MERCURY 


FOR THE HIGHEST PURITY 
4 DISTINCT GRADES AVAILABLE 


* SINGLE VACUUM DISTILLED 





% DOUBLE VACUUM DISTILLED 
* TRIPLE VACUUM DISTILLED 
% POLAROGRAPHICALLY PURE 


Write or Telephone for leaflet 











D. & J. M. ATKINSON LTD. 


SUPPLIERS AND REFINERS OF MERCURY 


214 BISHOPSGATE, LONDON, E.C.2 
TELEPHONE: BlShopsgate 9026 
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te DP 
‘TURNERS 


put Industry 
in the 
Picture 


Public relations, staff recruitment and 
training, publicity and selling, 

are just a few of the fields in which 
industrial films by Turners have proved 
themselves invaluable in making 

the wheels of industry turn more 
smoothly and more swiftly. 





The secret of Turners’ success ? 


Turners’ operators have the knowledge of 
photography and the experience of industry 
which combine to make film a profitable 


tool in the hands of the industrialist. 
You are invited to write for details. 
TURNERS FILM PRODUCTIONS 


Camera House, Pink Lane, 
NEWCASTLE UPON TYNE, I. 
Tel: Newcastle 2-539! 
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CONTROL 


SYSTEMS + INSTRUMENTATION + DATA PROCESSING + ENGINEERING + APPLICATIONS 


The current issue of CONTROL includes the 


following exclusive articles : 


@ Advice on installation and maintenance 
of electronic process control equipment. 


@ First particulars of a new velocity-modu- 
lated relay control system. 


@ A note on cutter wear compensation for 
numerically controlled machine tools. 


@ Discussion of pros and cons of pneuma- 
tic and electronic plant control. 


The art and technology of controlling plant and mach- 
inery is advancing very rapidly in this country. Before 
CONTROL was published no British journal existed 
which could act as a clearing house for electronic, 
electro-mechanical, hydraulic and pneumatic engin- 
eering information applicable to control systems, all 
of which is combined and interrelated in the new 


tec hnology of control engineering. 


Complete this 


form and 


@ The new alkylation plant at BP's Kent 
refinery. 


@ The Navy's Action Speed Tactical 
Teacher. 


@ Computer trends in Russia. 


@ How instrumentation solves a coke- 


loading problem for the National Coal 
Board. 


CONTROL is a journal for engineers who are actually 
designing and building control systems, and the edit- 
orial which appeals to these people is at a high tech- 
nical level. But the journal also has a strong appeal to 
the technically interested user of control equipment. 
He is pr imarily concerned with the economics and per- 
formance of the instrument or system and how it can 
improve the quality and consistency of his products, or 
the operational ability of an aircraft or missile. 


Please send me/us CONTROL 
[-] for 12 months and I/we enclose 42/- + 10/- postage 
[-] one single copy and I/we enclose 3/6 


[| please invoice me/us later 





NAME 





send to Control > ADDRESS 








position 


PUBLISHED BY ROWSE MUIR PUBLICATIONS LTD 
3 PERCY STREET LONDON WI 
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Lead screening bricks made 
by Grey & Marten are equipped 


with viewing portholes and a 


revolving sphere for remote y.. 
handling of radioactive 


sources. 


Ask Grey & Marten 
about lead shielding 


(They ve been handling lead for 125 years) 


Grey & MARTEN are experts in 
lead. They’ve specialised in 
the manufacture of all kinds of 
lead castings, fabrications and 
fillings for more than a century. 
Interlocking Lead Bricks (in 
one, two and four-inch thick- 
nesses), Lead Sphere Units (in 
two and four-inch bricks), 
Aperture and Viewing Bricks, 
Lead Pots and Isotope Carriers 


Storage pot 


typical of 
those used in standard 
safes not already fitted with 
lead protection, affords 
economical storage for 
radio-active material. 


are all produced under the 
Grey & Marten name. 

Grey & Marten 
whenever you need screening 


Consult 





against radioactivity. 














GREY & MARTEN LTD 


Established 1833 


CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I 
and at Birmingham, Manchester and Ipswich 
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‘M’ range Gensprings 
up to 80,000 Ibs. 
and 12 travel 
...only 2% deviation 


Our new *M’ range of Constant Support Hangers is now 
available for loadings up to 80,000 Ibs. and 12” 
travel—down to 2”,, deviation. More economical, both 
in application and first cost, and more compact than 
previous types, they provide increased travel with 

less headroom requirement. The ‘M’ Hangers have been 
developed from the ‘W’ range which have been chosen 
for Britain’s first three commercial nuclear power 
stations. 
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At Bradwell, Berkeley, and Hunterston, Gensprings 

will provide safe, secure support of vital piping 
installations. The Constant and Variable 

Gensprings, together with the Sway Brace, provide a 
fully comprehensive range for all pipe support re- 
quirements and are, of course, widely used in conven- 
tional power stations, oil refineries, chemical plants, etc. 


If you would like to know more about the new ‘M’ 
range, please send for full details, 


cS 


Vokes Genspring 


SUSPENSION SYSTEMS 
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BLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT 











A MECHANICAL AND AN ELECTRICAL 
ENGINEER 


are required for Liaison work associated with the 


CONSTRUCTION OF NUCLEAR POWER 
STATIONS. 


The work is located at Wheistone, Nr. Leicester, and applicants 
should have an H.N.C., and have served apprenticeship and pre- 
ferably gained some experience in a drawing office or on site. 
Please write giving full details of age, qualifications and experience 
to: Dept. C.P.S., 336/7, Strand, London, W.C.2, quoting reference 
NP 1816C. 








THE NUCLEAR POWER PLANT COMPANY 
LIMITED 
requires 
PHYSICISTS., 
THEGRETICAL PHYSICISTS., 
and 
MATHEMATICIANS 


to work on problems associated with the design of 

nuclear power stations. 

Candidates should have at least a_ second-class 
Honours Degree and for certain posts a knowledge of 
reactor or nuclear physics is desirable. 

The Company operates a contributory pension 
scheme and assistance with house purchase is given to 
married men. 

Applications, giving age, qualifications and ex- 
perience, should be sent to :— 

The Secretary, The Nuclear Plant Co., Ltd., 
Booths Hall, Knutsford, Cheshire. 


Quoting Reference NP/PHYS/57 











SOUTH OF SCOTLAND 
ELECTRICITY BOARD 
NUCLEAR 
GENERATING STATION 


Applications are invited 
for the following superan- 
nuable appointments at the 
Board’s Nuclear Generating 
Station which is being con- 
structed at Hunterston, near 
Largs, Ayrshire: 


SHIFT 
CHARGE ENGINEERS 


Candidates will be respon- 
sible while on shift for the 
operation of both nuclear 
and conventional plant. 
The minimum _ technical 
standard will be the 
possession of a Higher 
National Certificate. Pre- 
vious experience in power 
station operation is essen- 
tial. The successful candi- 
dates will be given a course 
in the operation of nuclear 


reactors. 


Salary range— 
£1,435 /£1,540 per annum. 


Apply, quoting Reference 
No. E37/58, on standard 
form AE.6 available from 
the Secretary, P.O. Box 173, 
351 Sauchiehall Street, Glas- 
gow, C.2, not later than 
FRIDAY, 10th OCTOBER, 
1958. 
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CENTRAL ELECTRICITY GENERATING 
BOARD 
NUCLEAR PLANT DESIGN BRANCH 
GENERATOR DESIGN AND 
CONSTRUCTION DEPARTMENT 


The Generating Board intends to strengthen 
cons:derably the team of 


ENGINEERS AND SCIENTISTS which 
guides the design of the nuclear sections of 
its new power stations. This Branch works 
in close association with the Atomic Energy 
Authority and Industry in drawing up speci- 
fications and following through the design 
work, tender asses ment, and final accep- 
tance of proposals. The work is concerned 
with the large stations now being built and 
with the engineering of future plants. It is 
basec at the Board's Headquarters, Bank- 
side House, London, S.E.1, but involves 
frequent visits to the Atomic Energy 
Authority's establishments, to p'ants under 
construction and to contractors’ works and 
design offices 


Senior posts are availabe for 

A. |. MECHANICAL DESIGN ENGI- 
NEER. Responsible for the mechan cal de- 
sign of the who'e reactor and boiler un.t 
and for the guidance of work under A.2, 
3, 4 and 5 below. 

2. REACTOR CORE ENGINEER. The 
design of the reactor core, including the 
fuel e'ement. 

3. MECHANISMS ENGINEER. The 
de-ign of equipment for replacing the uran- 
ium fuel in the reactor, the contro! rod 
actuators and general mechanical handling 
o fuel including radioactive fuel. 

4. PRESSURE CIRCUIT ENGINEER. 
The desgn of pressure vesse's, boilers. 
ductwork and coolant c.rculators. 

5. REACTOR MATERIALS ENGINEER. 
Selection and supervising of the use of 
materials for the whole reactor unit, having 
regard to all conditions of operation 

B. LAYOUT ENGINEER, The layout of 
the nuclear part of the plant. Accommoda- 
tion design of the reactor buildings, Con- 
sideration of radiation levels in workrooms 
and about the site. 

C. PERFORMANCE ENGINEER, Esti- 
mation of plant performance, nuclear, ther- 
modynamics and heat transfer calculations. 


It is expected that these posts will be 
filled by men of considerable and appro- 
priate experience based on a sound techni- 
cal training which has led to a good 
University Degree and/or Corporate Mem- 
bership of a Senior Institution. 

A. 1-4. Will mainly interest Mechanical 
Engineers. 

A. §. Is suitable for Metallurg’sts with an 
engineering outlook 

B. Is suitable for a Civil Engineer with 
an interest in layout work. He must be 
prepared to consider the influence of radia- 
tion from the plant upon this, and although 
ass stance will be given in the more techni- 
cal calculat:ons, he must be prepared to 
direct them. 

C. Experience is desirable of power plant 
performance, estimation and __ sufficient 
mathematical interest to handle at least 
some of the nuclear calculations. 


Salaries will be within the following scales 
A. 1. £2560 to £2760 per annum. 
A. 2-5. £1960 to £2160 per annum 
B. £1960 to £2160 per annum 
C., £2160 to £2360 per annum. 


Applications are also invited from well 
qualified but less experienced men for posts 
within Sections A, 2-5, B and C above 
and within the Instrumentation and Con- 
trol Section which is concerned with the 
design and overall control systems for the 
complete plant and the specification of the 
required instrumentation. Specialist train- 
ing in nuclear techniques wil] be given 
where necessary. 

Salaries will be on a scale within the 
range £1105-£2005 p.a. according to duties 
and responsibilities of the posts. 

Applications stating age, qualifications, 
experience, present postion and salary 
should be forwarded to I. G. ELLIS, 
PERSONNEL OFFICER, 24-30 HOL- 
BORN, LONDON, E.C.1, by 27th Sep- 


tember. Envelopes should be marked 
“ Confidential " quoting Reference 
NP265 
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: s are charged at 4s. per line. 
single-column inch. 5% is allowed to trade advertisers for 6 insertions. 10”, for 12 


= 
CLASSIFIED ADVERTISEMENTS 


RATES 


consecutive insertions. Box numbers will be charged Is. extra. 


Advertisements must be received not later than October 14 for November issue 
BOX REPLIES NUCLEAR POWER, 3 Percy Street, London, WI 


Semi-display setting £2 per 








SITUATIONS VACANT (Continued) 








CONSULTING 
ENGINEERS 
require 

CHIEF ENGINEER 
for 
NUCLEAR 
DEPARTMENT 
in London Office. 

Degree and Membership 

of Engineering Institution 
essential, and experience in 
Nuclear Power Station 
work desirable. 

Age 35-45. 
Write : 
KENNEDY & DONKIN 

(H.J.P./11), 

12 Caxton Street, 
S.W.1. 








A.E.1.-JOHN THOMPSON 
NUCLEAR ENERGY COMPANY 
LIMITED 


RADBROKE HALL, KNUTSFORD, 
CHESHIRE 


MECHANICAL ENGINEER 


Applications are invited from 
Mechanical Engineers for work con- 
nected with the assessment of the 
safety and operating characteristics of 
nuc'ear power plants, Some previous 
experience of general industrial practice 
or research is essential, Applicants 
must also have a good mathematical 
background together with an interest in 
thermodynamics and fluid flow theory. 


The offices are situated in Knutsford, 
and the Company provides transport 
from the Stretford / Sale / Altrincham 
areas and there are first class dining 
facilities. This position is on the per- 
manent staff and there is a contributory 
Pension scheme in operation, 


Application should be made to the 
Chet Engineer, quoting reference 
JRMS JMY. 























PLESSEY NUCLEONICS 
LTD., NORTHAMPTON 
PROJECT LEADERS 
Plessey Nucleonics Ltd have 
vacancies for a number of 
PHYSICISTS to work as pro- 
ject leaders in the develop- 
ment of applications § of 
nuclear physics. Applicants 
should have a good academic 
background and at least five 
years experience in research 
or development, and should 
be capable of taking com- 
plete charge of project and 
co-ordinating the activities of 
junior staff and associated 
groups. Experience in the 
field of nuclear physics 
would be-an asset and some 
engineering background is de- 
sirable together with the 
ability to correlate theoretical 
and experimental _ studies. 
Attractive salaries and work- 
ing conditions offered and 
the posts offer considerable 
scope for advancement. 
Applications to The Person- 
nel Manager, Plessey Nucle- 
onics Ltd., Weedon Road, 

Northampton. 











MATHEMATICAL/ 
PHYSICIST 

Plessey Nucleonics Limited 
have a vacancy for a MATHE- 
MATICAL / PHYSICIST to 
analyse problems concerning 
the control and operation of 
nuclear reactors. The successful 
applicant should have a degree 
in physics or mathematics, and 
an absorbing interest in the 
application of mathematical 
methods to a variety of prob- 
lems as, for example, informa- 
tion theory and statistics, diffu- 
sion theory, shielding calcula- 
tions, functions of a complex 
variable or servo-analysis. 
This post offers considerable 
scope for original work for 
which a generous salary is en- 
visaged, depending upon. quali- 
fications and experience. Please 
send full particulars, which will 
be treated in confidence, to the 
Personnel Department, Plessey 
Nucleonics Limited, Weedon 
Road, Northampton. 
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C: Siete Constat 








papers in files, etc. 
CONSTAT Processors 
£20 (9”), £27 (14”) 
CONTOURA Photocopiers 
£12 to £42 


Write or telephone to: 





VERSATILITY 
is what You need— 
PHOTOCOPIES anything— 


best of all for periodicals, books, 







CONTOURA PHOTOCOPYING LTD. 
56 Islington Park Street, London, N.I. (Canonbury 7900) 





CAPACITY AVAILABLE 





A! PHAMIN LIMITED.—A complete 

design and fabrication service avail- 
able for all types of aluminium and steel 
fabrication including welding by Argon- 
arc process. We have considerable 
design experience and would welcome 
your enquiries. 4 Dunston Street, 
Kingsland Road, London, E.8. Phone 
CLissold 4161. 








PRESSINGS IN ALL 
METALS 


up to 60 tons 


Press tools manufactured in 
our own. toolroom. Light 
assemblies : 


Domestic, Electrical and Mech- 
anical. All finishes, A.I.D, and 
A.R.B. approved. Advice and 
estimates given free. 
Inquiries to: 
METAL COMPONENTS LTD. 
DOLPHIN ROAD, 
SHOREHAM-BY-SEA, Sussex 


Telephone: 
Shoreham-by-Sea 2224-5 











METAL SPINNINGS to requirements. 
AID approved. Martin-Golod Ltd, May- 
bury Gardens, NW10. WILlesden 3888. 








PRECISION TURNED PARTS 


La 3 —— 
A.l.D., A.R.B., C.LA. and I.F.V. cpproved. 


AYLESBURY TURNED PARTS 
(True Screws) LIMITED 


Britannia Works, Britannia St., Aylesbury, 
Bucks. Tel.: Aylesbury 2424 (3 lines). 

















MODELS 





MODLLS for planning 
MODELS for prestige 
MODELS for instruction 
MODELS for experimenting 
MODELS can save wear and 
tear amongst personnel and 
thousands of pounds worth of 

time and material. 

MODELS can be an invaluable 
aid to sales staff. 

RICHARD DENDY & ASSO- 
CIATES of 4, 5 & 6 Seaton 
Place, Hampstead Road, Lon- 
don N.W.1. EUSton 7617 are 
makers of fine MODELS and 
invite your enquiries. 





FOR SALE 


STAINLESS 
STEEL 


ROUNDS, FLATS, 
STRIP, OFF-CUTS 
AND BLANKS 
LARGE QUANTITIES 
EX STOCK 
. 


CONSOLIDATED METAL 
COMPANY LIMITED 


18 ST. GEORGE STREET, 
HANOVER SQUARE, 
LONDON W.I. 


MAY fair 2988/9 & GROsvenor 6514. 

















CAPACITY AVAILABLE (contd.) 


LECTROPOLISHING—-specialists in 

electro-polishing of all sizes of stain- 
less steel fabrications at greatly reduced 
cost compared with mechanical polishing. 
Fully approved for Atomic Energy work. 
Electropol Processing Ltd., ‘Trading 
Estate, Farnham, Surrey. 











M & W CRAZEBROOK DUDLEY WORCESTERSHIRE 


LIMITED 


HEAVY IRON CASTINGS 
UP TO 20 TONS 


STEEL FABRICATIONS FOR 
NUCLEAR POWER PLANT 


EST.1750 Tel 


STAINLESS STEEL AND 
ALUMINIUM PRESSURE 
VESSELS 


: DUDLEY 2431-3 Telegrams: 


HOT FRESSINGS UP TO 13” 
THICK x J! FT. DIA. 


GRAZEBROOK DUDLEY 


CLASS | VESSELS AND 
RAILWAY TANK WAGONS 


CHEMICAL PLANT. 
HOMOGENEOUS LEAD 
LININGS 
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ROUND and HEXAGON BAR 


PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 
Keen Prices — Prompt Delivery 

Send enquiries to Dept. N.P. 

STAINLESS STEEL PROFILE CUTTERS LTD. 

Farfac Works, Kings Grove, MAIDENHEAD. ‘phone 1522/23. 


STAINLESS TUBES & FLANGES 
We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 
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Abingdon King Dick Ltd 
Acalor (1948) Ltd 
A.C.F. Industries Inc 
Acheson Colloids Ltd 


AEl-John Thompson Nuclear Energy Co Ltd ones 
A 


Aero Precisions Ltd 

Air Control Installations Ltd 

Air Trainers Link Ltd 

Allen & Sons (Tipton) Ltd, W. G. 
American Machine & Foundry Co 
Armstrong Whitworth Aircraft Ltd, Sir W. G. 
Associated Lead Mfgs Ltd 
Atkinson Led, D. & J. M. 
Atomics International 
Avica Equipment Ltd 

Avo Ltd 


A26, 


Babcock & Wilcox Ltd 

Bailey Meters & Controls Ltd 
Barker & Sons (Engineers) Ltd 
Barlow-Whitney Ltd 

Biackwell’s 

Boving & Co Ltd 

Braby & Co Ltd, Frederick 
British Acheson E’ectrodes Ltd 
British Ermeto Corp Ltd 

British Rototherm Co Ltd, The 
Brookhirst Switchgear Ltd 

Brown & Co Ltd, John (Nuclear Div) 
Burgess Products Ltd 

Burnley Aircraft Products Ltd 
Butterworths Scientific Publications 


Cambridge Instrument Co Ltd 

Cape Asbestos Co Ltd, The 
Cashmore Ltd, John 

Chemical & Insulating Co Ltd, The 
Clay Cross (lron & roundries) Ltd 
Control 

Cox & Danks Ltd 

Crosby Valve & Engineering Co Ltd 
C.W.C, Equipment Ltd 


Darham Industries (London) Ltd 
Davison & Co (Hexham) Ltd 
Dickens Ltd, Stuart B. 

Distillers Co Ltd, The 

Dowty Nucleonics Ltd 

Dynatron Radio Ltd 


Edison Ltd, Thomas A. 

Ekco Electronics Ltd 

Electrical Power Engineering Co (Birmingham) 
Led A298 

Electrothermal Engineering Ltd 

E.M.1. Electronics Ltd 

Endecotts (Filters) Led 

Engelhard Industries Led 

English Electric Co Ltd 

Erhard, Johannes 

Evans & Son (Portsmouth) Ltd, J. 

Evans & Sons (Wo'verhampton) Ltd, J. 


Fielden Electronics Ltd 

Firth & John Brown Ltd 
Firth-Vickers Stainless Steels Ltd 
Fraser & Fraser Ltd 


Gardiner, Sons & Co Ltd Alls 
General Electric Co Ltd, The (Atomic Energy 
i A69 
Metals 


Alls 


Div) 

General Electric Co Ltd, The (Osram 
iv) 

Grace & Co, W. R. 

Grazebrook Ltd, M. & W. 

Grey & Marten Ltd 


Hadfie'ds Ltd 

Harland Engineering Co Ltd, The 
Harvey & Co (London) Ltd, G. A. 
Head Wrightson Processes Ltd 
Heather Filters Ltd 

Heffers of Cambridge 

Hoffman Mfg Co Ltd 


Ide Engineering Ltd, C. F. 
ford Ltd 

Imhof Ltd, Alfred 
Imperial Chemical 
Inglis Knibb & Co 
Interatom A103 
International Meehanite Metal Co Ltd, The Cover 3 
Irwin Technical Led A108 


Al4 
Industries Ltd A17, A39, 515 
A120 


K.D.G. Instruments Ltd 
Keith Blackman Ltd 
Kennedy & Co Ltd, Allan 
Kirk & Co (Tubes) Ltd 
Kodak Ltd 
Lindsay Chemical Division 

Lloyd & Ross Ltd 

Londex Ltd 

London & Scandinavian Metallurgical Co Ltd AS! 
Lyons Ltd, Claude A92 


Metalectric Furnaces Ltd 

Micanite & Insulators Co Ltd, The 
Miles Hivolt Ltd 

Mollart Engineering Co Ltd 

Moore Ltd, W. & E. 

Morgan Crucible Co Ltd, The 
Morris Ltd, B. O. 

Morris Ltd, Herbert 
Mountford & Co Ltd, John 
Mountford (Birmingham) 
Murex Ltd 


Ltd, Fredk 


Nash & Thompson Ltd 

Newalls Insulation Co Ltd 

Nobrac Carbon Ltd 

Nuclear Enterprises (GB) Ltd 
Nuclear Materials & Equipment Corp 
Nuclear Power Plant Co Ltd, The 
Nuclear Power Year Book 

Nuclear Reactor Physics 

Nuclear Systems (Budd Co) 


Osborn & Co Ltd, Samuel 
Ozonair Engineering Co Ltd A90 
Co Ltd 
ngineering Co Ltd 


Pascal! Engineerin 
Paterson Hughes 


All4 
A34 


Photostat Ltd 

Physical Society, The 

Pilkington Bros Ltd 

Piessey Nucleonics Ltd 

Pollard Bearings Ltd 

Powell Duffryn Carbon Products Ltd 
Pulsometer Engineering Co Ltd, The 
Pye Instrument Group 

Pyrene Co Ltd, The 

Pyrotenax Ltd 


Raw:plug Co Ltd, The 

Research & Control Instruments Ltd 
Rotameter Mfg Co Ltd 

Rubery Owen & Co Ltd 


Sangamo Weston Ltd 

Savage & Parsons Ltd 

Savage Ltd, Bryan W. 

Screw Machine Products Ltd 

Sealey Engineering Co Ltd 

Serck Radiators Ltd, Serck Tubes Ltd 
Sheepbridge Alloy Castings Ltd 

Shell Chemical Co Ltd 

Sheil Mex & B.P. Ltd 

Simmonds, Ltd, L. E. 

Simon-Carves Ltd 

Smith & Sons (Clerkenwell) Ltd, J. 
Southborough Group 

Sperry Gyroscope Co Ltd 

Stainless Steel Profile Cutters Ltd 
Standard & Pochin Bros Ltd, The 
Stewarts & Lloyds Ltd 

Sunvic Contro's Ltd 

Superheater Co itd, The 


Taylor, Taylor & Hobson Ltd 
Taylor Woodrow Construction Ltd 
Techniques Nucléaires 

Teddington Aircraft Controls Ltd 
Terminal Radio International Ltd 
Therraal Syndicate Ltd, The 
Thompson Ltd, Johr 

Tudor Accumulator Co Ltd 
Turners Film Productions 
Twentieth Century Electronics Ltd 


Universal Pattern & Precision Engineering 
Co Ltd 


Vokes Ltd 
Vokes Genspring Ltd 


Western Detail Mfrs Ltd 

West Instruments Ltd 

Westool Ltd 

Wharton Crane & Hoist Co Ltd, The 
Whipp & Bourne Ltd 

Wiggin & Co Ltd, Henry 

Williams & James (Engineers) Ltd 
Wilmot Breeden Ltd 

Winston Electronics Ltd 

Wright Anderson & Co Ltd 


Yarrow & Co Ltd 


NUCLEAR POWER is published by Rowse Muir Publications Ltd, 3 Percy Street, London, WI, Eng'and, and printed by The Haycock Press, Ltd, SE5 
The entire contents are protected by copyright in Great Britain and all the countries signatory to the 


in any manner without 


the written permission of Rowse Muir Publications Limited. Nuclear 


rn Convention; nothing therefrom may be reproduced 
Power must 


not, without the consent—in writing—from the 


publishers, be re-sold, lent, hired out or otherwise disposed of in a mutilated condition or in any unauthorized cover, by way of trade, or annexed to or as 
part of any other publication or advertising, literary or pictorial matter whatsoever. Special attention is called to the fact that your acceptance of this magazine 
with notice of the above terms constitutes a contract upon these terms between you and the person who sold it or supplied it. Subscriptions to publishers Rowse 
Muir Publications Ltd. Single copies UK 3/6 plus 10d. postage, 5/6 overseas, 75c US and Canada. Per annum £2.2.0 UK plus 10/- postage. £3.3.0 overseas. 
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C.E.G.B. Berkeley Nuclear Power Station, being built by 
A.E.1.-John Thompson Nuclear Energy Company Ltd. 


HEAT EXCHANGERS, BERKELEY 


The sixteen large heat exchanger (or * boiler’) vessels for Berkeley Nuclear Power Station are now 
being erected on site by John Thompson. 


The vessels, 70 ft. long, 17 ft. 6 in. in diameter and weighing 133 tons, are transported on two 
bogies from the Berkeley site boiler shop, where fabrication is completed, to their positions 
adjoining the reactor houses. 


Manufacture and installation of these heat-exchanger vessels by John Thompson is so arranged 
to eliminate the transportation of excessive loads from the works at Wolverhampton and yei to 
reduce to a minimum the amount of work to be done on site. This is achieved by manufacture 
of the vessel in sections at the home works and then welding-up the sections to form complete 
vessels in a site boiler shop specially erected at Berkeley. The site boiler shop accommodatss 
four vesscls at a time. 


JOHN THOMPSON LIMITED WOLVERHAMPTON ENGLAND 














